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Preparation  of  a  homologous  (human),  intravenous,  botulinal  immunoglobulin  from 
human  immune  plasma  supplied  by  United  States  Army  Medical  Research  Institute  of 
Infectious  Diseases  (USAMRIID)  has  been  completed.  A  total  of  2753  units, 
constituting  a  total  of  937.7  liters  of  plasma,  were  processed  and  the  IgG  iso¬ 
lated  was  found  to  contain  neutralizing  activity  (IU)  to  five  botulinal 
neurotoxins:  A,  B,  C,  D  and  E.  Four  lots  of  botulinal  immune  globul 1  (human) 
pentavalent  (A,  B,  C,  D  and  E)  were  prepared;  lots  IVBG-1A — 553  grams, 

IVBC -IB — 578  grams,  IVBG-2A — 563  grams  and  IVBG-2B — 401  grams  for  a  total  of 
2095  grams.  Included  in  this  report  are  detailed  specifications  and  iden¬ 
tification  of  all  source  materials,  presentation  of  all  methods  used  in  the  pre¬ 
paration  of  the  final  product,  and  details  and  status  of  all  testing  including 
on-going  shelf-life  studies  on  the  final  product  lots. 

The  material  has  been  prepared  by  new  patented  methods  involving  SiOy  stabiliza¬ 
tion  of  plasma  followed  by  isolation  and  purification  of  IgG  by  QAE  A- 50  Sephadex 
ion  exchange  chromatography.  The  product  is  a  monovalent,  non-aggregated,  non- 
fragmented,  native,  human  IgG  containing  the  IgG  subclasses,  IgG^,  IgG2»  and  IgG^ 
The  human  IgG  contains  neutralizing  activity  against  botulinal  neurotoxins  A,  B, 

C,  D  and  E  and  the  final  product  vials  have  neutralizing  activity  in  Il)/ml  printed 
on  the  labels.  This  material  has  been  prepared  by  methods  uned  in  this  laboratory 
over  the  past  10  years  for  preparation  of  human,  intravenous  IgG  that  has  been 
used  clinically.  Similar  material  has  been  administered  intravenously  in  doses 
from  20  mg/kg  to  400  mg/kg  in  over  400  patients  for  a  total  of  over  1000  admin¬ 
istrations  with  no  evidence  of  severe  reactions  nor  transmission  of  hepatitis.  This 
material,  on  the  basis  of  that  experience  and  the  extensive  testing  performed 
during  its  preparation,  is  considered  safe  for  intravenous  administration.  Final 


directions  for  dosage  and  administration  have  not  yet  been  decided.  It  is  recom¬ 
mended  that  it  be  stored  at  -20°C,  and  on  the  basis  of  previous  work  in  our  labors 
tory,  should  be  stable  for  at  least  10  years  under  the  conditions  of  Btorage.  The 
preparation  is  sterile,  but  contains  no  preservatives  and  therefore  is  supplied  in 
single,  entry  10  ml  vials.  Testing  including  anti-complementary  activity,  half- 
life,  and  shelf-life  studies  are  still  in  progress.  IVBG-2A  and  IVBG-2B  final 
products  have  been  resubmitted  for  repeat  subclass  determination  testing.  Results 
of  these  tests  will  be  communicated  to  USAMRIID  when  they  become  available. 
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FOREWORD 

In  conducting  the  research  described  in  this  report,  the  investigator(s)  adhered 
to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals,"  prepared  by  the 
Committee  on  Care  and  Use  of  Laboratory  Animals  of  the  Institute  of  laboratory 
Animal  Resources,  National  Research  Council  (DHEW  Publication  No.  (NIH)  78-23, 
Revised  1978). 


Introduction 


The  purpose  of  this  project  was  the  preparation  of  an  intravenous,  pentavalent, 
botulinal,  immune  human  IgG  from  human  hyperimmune  plasma.  The  plasma 
(937.7  liters)  was  obtained  by  USAMRIID  by  plasmapheresis  of  volunteers  hyperim- 
munizo.d  to  five  specific  botulinal  neurotoxins:  Types  A,  B,  C,  D  and  E.  This 
material  was  shipped  to  the  Minnesota  ALG  Program,  Department  of  Surgery, 
University  of  Minnesota  Medical  School,  Minneapolis,  Minnesota  by  USAMRIID  in  July 
and  August  of  1981.  Fractionation  of  plasma  has  been  completed  and  the  final  pro¬ 
duct  shipped  to  USAMRIID. 

This  comprehensive  report  details  all  procedures  utilized,  results  and  status  of 
all  testing  specified  in  the  contract  proposal.  The  hyperimmune  plasma  was 
divided  into  four  lots  for  fractionation.  Each  lot  is  identified  by  a  specific 
lot  number  and  individually  tested  for  neutralizing  activity,  purity,  sterility, 
pyrogenicity ,  safety,  IgG  subclass  composition,  temperature  and  storage  stability, 
degree  of  fragmentation  and  aggregation,  and  proteolytic  enzyme  content.  The  four 
lots  of  sterile  pyrogen-free  intravenous,  pentavalent  botulinal  immune  globulin 
contain  neutralizing  activity  against  botulinal  neurotoxins  A,  B,  C,  D  and  E  and 
contain  the  major  IgG  subclasses  IgG},  IgG2,  and  IgG4.  They  all  possess  the 
structure  and  biological  characteristics  of  native  human  IgG,  i.e.  M.W.  160,000, 
less  than  1%  aggregates,  less  than  1%  fragments,  are  free  of  contaminating 
plasmin,  stable  on  storage  at  -20°C  or  4°C  and  considered  safe  for  intravenous 
administration.  Four  lots  of  final  product  have  been  shipped  to  USAMRIID: 

Lot  IVBG-lA,  553.11  grams;  IVBG-1B,  577.8  grams;  IVBG-2A,  562.8  grams;  and 
IVBG-2B,  400.67  grams  for  a  total  of  2,094.38  grams  of  intravenous,  pentavalent, 
botulinal,  immune,  human  IgG. 


The  methods  developed  in  our  laboratory  for  the  fractionation  of  this  plasma  are 
patented  (Appendix  Al,  A2,  A3)  and  have  been  used  in  the  past  to  prepare  intrave¬ 
nous  normal  human  IgG  (Appendix  6).  This  material  has  been  in  clinical  use  since 
1975.  During  this  time  period  over  400  individuals  have  received  IV  doses  of 
20  mg/kg  to  400  mg/kg.  The  material  has  been  well  tolerated  and  in  over  1000  IV 
administrations,  there  have  been  three  instances  of  elevated  fever  and  no  evidence 
of  hepatitis  transmission  (1).  In  addition,  we  have  prepared,  by  these  methods, 
human  intravenous  hyperimmune  cytomegalovirus  (CMV)  IgG  for  use  in  a  randomized 
clinical  trial  to  prevent  CMV  infection  in  high  risk  bone  marrow  transplant  reci¬ 
pients.  The  results  of  this  study  show  no  evidence  of  adverse  reactions,  but  more 
importantly,  show  a  highly  significant  effect  in  prevention  of  CMV  infection. 

There  was  no  CMV  infection,  disease  or  mortality  in  the  treated  group  (2,3,4, 5). 

I.  Methods 

A.  Fractionation 

The  methods  used  to  prepare  a  pentavalent,  botulinal,  immune  globulin  for 
safe  intravenous  use  from  human  hyperimmune  anti-botulinal  plasma  were 
adapted  from  procedures  developed  in  this  laboratory.  These  procedures 
are  described  in  Appendices  Al,  A2,  A3  and  B.  In  order  to  maximize 
yields  and  purity,  the  procedures  have  been  adapted  to  this  specific 
application,  i.e.  changes  in  SiC>2  concentration,  and  use  of  an  additional 
chromatography  step.  The  material  and  methods  used  in  the  preparation  of 
IVBG-1A,  IVBG-1B,  IVBG-2A  and  IVBG-2B  are  detailed  in  the  following  sec¬ 


tion  and  in  the  fractionation  results  section  later. 


Plasma  Pool 


Source  -  Two  shipments  of  USAMRIID  human  botulinal  immune  plasma 
totalling  2753  units  were  received.  This  plasma  had  been  collected, 
frozen,  and  shipped  in  500  ml  transfer  pack3.  The  first  shipment  of 
1364  units  was  received  on  July  15,  1981,  from  the  Michigan 
Department  of  Public  Health.  Approximately  50%  of  these  units  were 
damaged  prior  to  or  during  shipping.  The  second  shipment  included 
1389  units  from  USAMRIID,  Fort  Detrick,  Frederick,  Maryland,  on 
August  12,  1981.  This  shipment  was  in  very  good  condition  with  10% 
of  the  units  damaged. 

Handling  and  Storage  -  The  units  were  received  in  a  frozen  state. 
They  were  packed  into  new  boxes,  labelled,  and  moved  to  a  -20°C 
storage  facility  before  thawing  occurred.  As  each  lot  was  scheduled 
for  production,  one-half  of  a  shipment  (approximately  one  quarter  of 
the  total  volume)  was  transferred  from  the  cold  storage  facility  to 
the  fractionation  facility. 

Recording  -  The  unit  donor  number,  source,  and  date  drawn  were 
recorded  at  the  time  of  thawing.  This  information  is  contained  in 
Appendix  Cl,  C2,  C3  and  C4  for  lots  IVBG-1A,  IVBG-1B,  IVBG-2A  and 
IVBG-2B  respectively. 

Pooling  -  The  transfer  packs  were  rinsed  in  70%  ethanol,  cut  open, 
and  the  contents  pooled  into  50  gallon  pclyethylene  tanks.  All  con¬ 
tainers  and  instruments  were  either  sterilized  with  ethanol,  by 


steam  autoclaving,  or  sanitized  with  bleach  and  rinsed  repeatedly  with 
80°C  pyrogen-free  water  prior  to  use.  Damaged  transfer  packs  were 
identified,  opened  and  the  frozen  material  added  directly  to  the 
tanks.  The  pooled  plasna  was  thoroughly  mixed  with  a  motor-driven 
propeller.  The  volume  was  recorded  and  a  plasma  pool  sample  taken 
for  testing.  The  plasma  was  maintained  at  4°C  throughout  all  of  the 
following  procedures  except  where  noted. 

Stabilization  of  Plasma 

Addition  of  Si02  ~  Sterile,  pyrogen  free,  synthetic  silicon  dioxide 
(Aerosil  380,  Degussa,  Teterboro,  NJ )  is  slowly  added  in  a  dry  form 
to  the  plasma  pool  while  mixing  rapidly.  Care  is  taken  to  avoid 
foaming.  After  the  desired  amount  of  silicon  dioxide  (SiC>2)  has 
been  added  (20-30  grams  of  S1O2  per  liter  of  plasma)  the  mixture  1b 
stirred  for  one  hour  and  then  allowed  to  settle  overnight  at  4°C. 

Removal  of  Si02  -  Si02  is  removed  from  the  plasma  by  centrifugation. 
After  settling  in  a  tank  overnight,  the  top  layer  of  plasma  (the 
supernc.e)  contains  very  little  Si02«  This  is.  pumped  into  a  second 
tank  for  the  final  centrifugation  step.  The  bottom  layer  (the 
sediment)  in  a  settling  tank  contains  most  of  the  Si(>2  and  some 
plasma.  This  sediment  is  dispensed  into  1.0  liter  sterile,  polypro¬ 
pylene  bottles  for  low  speed  centrifugation.  This  low-speed  spin  is 
done  in  Dupont-Sorvall  RC3  refrigerated  centrifuges  with  HG-4 
swinging-bucket  rotors  (E.I.  Dupont  de  Nemours  and  Co.,  Wilmington, 

DE)  at  4°C,  5000  RPM,  6975  X  g,  for  45  minutes  or  in  a  Beckman  J-6 


centrifuge  with  a  JS  4.2  swinging-bucket  rotor  (Beckman  Instruments, 
Palo  Alto,  CA)  at  4°C,  4200  RPM,  5010  X  g,  for  60  minutes.  The 
supernate  from  this  spin  is  added  to  the  supernate  drawn  off  earlier 
from  the  settling  tank.  The  pellet  from  the  low-speed  spin  con¬ 
sisting  of  packed  Si02  and  a  small  amount  of  occluded  protein  is 
either  discarded  or  in  some  cases,  resuspended  with  normal  saline 
and  spun  again  to  recover  some  of  the  occluded  protein.  This  addi¬ 
tional  step  is  referred  to  as  an  Si02  cake  wash  and  provides  some 
marginal  increase  in  yield. 

All  supernates  are  combined  and  pumped  into  a  Beckman  J2-21C,  J2-21 
or  a  J2-21M  refrigerated  high  speed  centrifuge  equipped  with  a  JCF-Z 
continuous-flow  rotor  spinning  at  18,000  RPM,  32,260  X  g,  tem¬ 
perature  controlled  at  4®C,  with  a  feed  rate  of  250  ml/min/rotor. 
This  final  centrifugation  step  removes  residual  Si02  particles. 

Filtration 

The  stabilized  plasma  is  sterile  filtered  to  remove  any  bacteria 
introduced  during  earlier  processing.  Filtration  is  accomplished  by 
placing  the  stabilized  plasma  in  stainless  steel  pressure  vessels, 
pressurizing  to  10-20  psig  with  medical  grade  nitrogen,  (Nitrogen 
N.F.,  Ohio  Medical  Products,  Madison,  WI)  and  feeding  the 
pressurized  plasma  to  a  double  high  stainless  steel  filter  housing 
of  sanitary  design  (Pall  SANN2G723,  Pall  Trinity  Micro  Corp. , 
Cortland,  NY)  containing  a  20  inch  prefilter.  The  filtrate  from 


this  filter  directly  feeds  a  final  filter  housing  of  similar  design 
(Pall  SANN1G723)  and  an  absolute  C.2  micron  pore  size  filter  that 
has  been  autoclaved  and  aseptically  attached  to  several  closed, 
autoclaved  polypropylene  15  gallon  tanks.  The  entire  plasma  volume 
is  passed  through  this  system  and  is  thus  rendered  sterile  and  held 
at  4°C  until  the  next  procedure. 

The  filter  assemblies  used  in  production  are  all  flushed  with  80°C 
pyrogen-free  water  prior  to  use  or  autoclaving.  Table  I  lists  the 
manufacturer's  part  number  and  the  IVBG  lot  number  in  which  each 
filter  was  used.  This  is  a  list  of  filters  used  at  all  steps  in 
production  including  sterile  filtration  of  plasma,  final  product, 
diaf iltration  buffers,  and  chromatography  buffers.  All  filters  used 
are  pharmaceutical  grade,  non-fiber  releasing  and  are  manufactured 
in  accordance  with  current  good  manufacturing  guidelines. 

Concentration  and  Buffer  Exchange 

Ultrafiltration  System  -  The  protein  concentration  and  buffer  com¬ 
position  of  the  protein  solutions  at  various  steps  in  fractionation 
are  adjusted  by  concentration  and  diaf iltration  procedures  using  an 
ultrafiltration  system.  This  system  consists  of  a  stainless  steel, 
sanitary  design,  Millipore  Pellicon  high  volume  molecular  filtration 
cell  (Millipore  Corp.,  Bedford,  MA)  equipped  with  50  square  feet  of 
type  PTGC  (Millipore)  10,000  molecular  weight  cut-off  filters.  The 
system  is  fed  by  a  stainless  steel  sanitary  lobe  pump  (Waukesha 
Model,  10D0,  Waukesha  Div.,  Abex  Corp.,  Waukesha,  Wl).  The  system 


operates  at  4°C,  with  a  total  flow  rate  of  4-8  liters  per  minute  at 
30-50  psig. 


Concentration  -  Following  sterile  filtration  and  QAE  procedures,  the 
total  protein  concentration  averages  33  mg/ml  and  6.3  mg/ml  respec¬ 
tively.  The  protein  concentration  must  be  increased  after  each  of 
these  procedures.  This  is  accomplished  by  recirculating  the  protein 
solution  through  the  ultrafiltration  system  under  pressure  and 
discarding  filtrate  until  the  desired  volume  or  concentration  of  the 
protein  solution  is  reached.  This  concentration  ranges  from 
50  mg/ml  for  an  IgG/QAE  purification  step,  to  80  mg/ml  for  a 
plasma/QAE  purification  step,  to  100  mg/ml  for  the  final  product. 

For  a  diaf iltration  procedure  the  protein  is  first  concentrated  to 
50-60  mg/ml  and  at  the  end  of  diaf iltration  concentrated  or  diluted 
to  one  of  the  concentrations  described  above. 

Buffer  Preparation  -  Various  buffers  are  used  during  fractionation 
primarily  to  adjust  the  pH,  conductivity  and  ionic  composition  of 
the  protein  solution.  All  buffers  are  prepared  in  autoclaved 
polypropylene  tanks  or  in  polyethylene  tanks  sanitized  with  1Z 
bleach  and  rinsed  six  times  with  80°C  pyrogen-free  water.  Water  for 
preparation  of  buffer  is  purified  by  deionization,  followed  by 
distillation  in  a  Barnstead  30  gallon  per  hour  Century  Cyclone  still 
(Barnstead  Co.,  Boston,  HA)  with  storage  at  80°C,  and  is  sterile 
and  pyrogen-free.  The  chemicals  used  to  make  up  all  buffers  used  in 
fractionation  are  listed  below  along  with  the  manufacturer  from 
which  they  are  obcained: 


Sodium  Chloride 


Mallinckrodt  Inc.,  Paris,  KY 


or  Spectrum  Chemical  Mfg.  Corp., 
Gardena,  CA 


Sodium  Acetate 

Imiodazole 

Glacial  Acetic  Acid 


or 

or 


Mallinckrodt  Inc. 

Sigma  Chemical  Co.,  St.  Louis,  MO 
MCB  Manufacturing  Chemists,  Inc., 
Cincinnati,  OH 
Mallinckrodt,  Inc. 

S  ectrum  Chemical  Mfg.  Corp. 


190  Proof  Ethanol 


Worum  Chemical  Co.,  St.  Paul,  MN 


Sodium  Hydroxide 


Fisher  Scientific  Co.,  Fairlavm,  NJ 


Sodium  Carbonate 


Sigma  Chemical  Co. 


Sodium  Bicarbonate 


Sigma  Chemical  Co. 


Buffers  are  sterile  filtered  as  they  are  used. 

Conductivity  and  pH  Measurements  -  Each  buffer  is  tested  for  pH  and 
conductivity  and  must  be  within  certain  limits  before  use. 
Typically,  the  acceptable  range  for  pH  is  j^0.05  units  and  for  con¬ 
ductivity,  +0.1  milli  Siemens  (raS).  Measurements  are  made  on  a 
Radiometer  model  CDM3  conductivity  meter  (Radiometer,  Copenhagen, 
Der  .uirk) ,  Radiometer  model  pH23  pH  meter  or  a  Beckman  model  3500 
(Beckman  Instruments,  Irvine,  CA)  pH  meter. 


Diaf iltration  -  Protein  solutions  are  diafiltrated  prior  to  anion 
exchange  chromatography  to  adjust  pH,  conductivity  and  ionic  com¬ 
position.  The  product  from  the  chromatography  procedure  is 
diafiltrated  to  replace  the  buffers  used  in  chromatography  with 
salts  suitable  for  storage  and  administration  of  the  final  product. 
Diaf iltration  is  done  on  ultrafiltration  equipment  (described 
earlier  in  the  section)  by  adding  the  replacement  buffer  at  the  same 
rate  as  filtrate  is  produced  by  the  system.  This  procedure  is  also 
called  "constant  volume  washing".  A  volume  of  buffer  equal  to  five 
times  the  volume  of  the  protein  solution  is  passed  through  the  pro¬ 
tein  solution  in  this  manner.  The  exchange  of  buffer  after  five 
volumes  is  99%  complete.  Prior  to  anion  exchange  chromatography  the 
buffer  used  is  pH  6.6,  .0194  M  imidazole,  0.0888  M  acetate,  conduc¬ 
tivity  5.85  mS  at  21°C.  This  same  buffer  is  used  to  equilibrate  the 
anion  exchange  resin.  The  final  product  is  diafiltrated  with  normal 
saline  (0.154  M  NaCl).  Because  saline  has  no  buffering  capacity  the 
pH  of  the  protein  solution  is  raised  during  diaf iltration  by  titra¬ 
tion  of  the  protein  with  small  amounts  of  1  N  NaOH  or  Delory  and 
Kings  carbonate-bicarbonate  buffer  added  to  the  saline. 

Anion  Exchange  Liquid  Column  Chromatography 

Anion  exchange  chromatography  (QAE)  is  used  to  isolate  a  pure  IgG 
fraction  from  the  stabilized  plasma  or  from  a  partially  purified  IgG 
fraction.  A  column  chromatography  system  consisting  of  four 
16  liter  stacks  (Series  KS370/15,  Pharmacia,  Piscataway,  NJ )  con- 


nected  in  parallel-flow  configuration  and  packed  with  a  total  of  2.6 
to  3.2  kg  of  QAE  A-50  Sephadex  (Pharmacia)  is  used. 

The  entire  system  is  sterilized  with  a  pH  6.6  buffei  containing 
0.0132  M  imidazole,  0.0592  M  acetate,  29. ethanol  with  a  conduc¬ 
tivity  of  2.05+0.05  mS  at  21°C.  Just  prior  to  use  the  QAE  is 
equilibrated  with  a  minimum  of  five  volumes  of  a  sterile  pH  6.6, 
.0194  M  imidazole,  0.0888  M  acetate  buffer  with  a  conductivity  of 
5.85  mS  at  21°C.  All  buffers  applied  to  the  stacks  are  filtered 
through  sterile  0.2  micron  filters.  For  a  plasma  run,  (QAE  1)  the 
plasma  is  spun  in  Beckman  J21-C,  J2-21  or  J2-21M  centrifuges 
equipped  with  JCF-Z  continuous-flow  rotors  spinning  at  18,000  RPM, 
32,260  X  g,  with  a  throughput  of  250  ml/win/rotor  and  a  temperature 
setting  of  21°C.  This  step  removes  particulates  and  warms  the 
plasma  for  greater  ion  exchange  efficiency. 

For  a  QAE  2  run  the  product  from  a  QAE  1  (plasma  run)  is  con¬ 
centrated  to  50  mg/ml  and  then  applied  to  one  16  liter  stack. 

Plasma  or  IgG  is  applied  to  the  stacks  in  parallel  by  gravity  feed. 
The  flow  rate  through  the  stacks  is  controlled  at  150  ml/min/stack 
with  flow  meters.  Under  these  conditions  only  IgG  passes  through 
the  anion  exchange  resin  without  binding.  The  effluent  from  the 
stacks  is  collected  in  sterile  four  liter  cylinders  (1.0  liter  for 
an  IgG  run)  with  samples  being  taken  from  every  cylinder  for  protein 
determination.  After  all  the  protein  has  been  applied  to  the 
stacks,  a  sterile  pH  6.6  (imidazole-acetate  5.85  mS  at  2l°C)  buffer 


is  used  to  elute  the  remaining  IgG  from  the  QAE.  Collection  of  the 
effluent  is  terminated  at  the  point  where  proteins  other  than  IgG 
begin  to  elute. 

The  collected  protein  from  one  or  more  plasma  runs  is  pooled  in 
3terile  tanks.  If  the  IgG  contains  measurable  quantities  of 
alpha-2-macroglobulin,  transferrin  or  lipoproteins,  it  is  con¬ 
centrated  and  passed  over  an  additional  QAE  stack.  When  the  IgG  is 
>992  pure,  it  is  concentrated  to  the  desired  concentration  and 
diafiltrated  with  normal  saline  using  ultrafiltration  procedures 
described  previously.  The  final  product  (protein  concentration  of 
103-108  mg/ml)  is  adjusted  to  pH  6. 7-7. 4.  The  product  is  spun  in  a 
Beckman  J2-21C,  J2-21  or  J2-21M  centrifuge  with  a  JCF-Z  continuous- 
flow  rotor  at  20,000  RPM,  39,260  X  g,  200  ml/min/rotor ,  21°C  to 
remove  particulates  and  aggregated  protein  and  to  warm  the  solution 
for  proper  functioning  of  the  bottling  equipment.  Conductivity,  pH, 
and  protein  concentration  are  checked  and  the  solution  is  delivered 
to  the  testing  group  for  filtration  and  bottling. 

Bottling,  Storage,  Labels  and  Shipping 

1.  Bottling 

Immediately  after  the  high  speed  spin,  the  final  products  are  pre¬ 
filtered  through  a  0.2p  Pall  Sealkleen  cartridge.  The  material  is 
forced  through  the  filter  by  placing  the  product  in  a  stainless 
sceel  prescuve  vesrel  and  pressurizing  with  medical  grade  nitrogen 
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as  described  earlier.  The  IgG  preparations  are  then  sterile 
filtered  by  the  same  method  through  an  autoclaved  Pall  DFA  0.2p 
final  filter  system  into  a  sterile  4  liter  Erlenmeyer  flask. 


At  approximately  the  same  rate  that  the  product  is  sterilely 
filtered  into  the  final  filter  flask,  it  is  drawn  from  the  flask 
and  aliquoted  into  sterile  lOcc  vials  (Cat.  #223739,  Wheaton, 
Mellville,  New  Jersey).  The  material  is  dispensed,  lOcc  per  vial, 
by  a  semiautomated  bottling  apparatus  consisting  of  a  National 
Instrument's  Filamatic  pump  (#DAB-16,  National  Instrument, 
Baltimore,  Maryland)  attached  to  a  calibrated  sterile  stainless 
steel  syringe  with  a  bottling  bell  attached. 


Two  technicians  perform  the  bottling  under  a  Baker  Edge  Gard  laminar 
flow  hood  (Baker,  Sanford,  Mass.).  They  wear  sterilized  caps, 
gowns,  masks  and  gloves,  and  observe  sterile  technique  throughout 
the  bottling  procedure.  Each  vial  is  hand  stoppered  (Cat.  #S-46, 
West  Co.,  Phoenixville ,  PA  or  Cat.  #13237,  Pierce,  Rockford, 
Illinois)  immediately  after  filling.  All  vials  are  hand  crimped 
(Cat.  #20-10  West  Co.)  before  being  removed  from  the  hood. 


2.  Storage 

The  bottled  final  product  materials  were  stored  at  4°C  for  4  to 
7  months  until  they  were  labelled  and  stored  at  -20°C.  Stability 
studies  conducted  in  our  laboratory  suggest  that  IgG  purified  by  our 
method  can  be  stored  for  several  years  at  -20°C,  4°C  or  room  tem¬ 
perature  with  no  fragmentation  and  without  loss  of  potency  (6). 
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3.  Labels  (Appendix  H) 

In  accordance  with  CFR  610.60,  each  vial  has  been  labelled  with  a 
custom  designed  label  describing  the  name  of  the  product,  name  and 
address  of  the  manufacturer,  lot  number,  protein  concentration  and 
recommended  individual  dose.  Antibody  titers  (iU/ml)  to  boculinal 
toxins  A  through  E  are  printed  on  each  label. 

After  IVBG-lA  was  shipped  to  Fort  Detrick,  the  label  for  the  next 
three  lots  was  modified  to  include  the  following  statement: 

Caution:  New  Drug  -  Limited  by  Federal  Law  to  Investigational 
Use. 

An  actual  label  used  for  each  lot  is  affixed  to  the  page  in 
Figure  1. 

4.  Shipping 

When  all  testing  was  completed,  each  of  the  four  lots  of  the  antibo- 
tulinal  toxin  final  products  were  shipped  to  Fort  Detrick.  Only 
those  vials  required  for  testing  purposes  have  been  retained  at  the 
University  of  Minnesota. 

The  final  products  were  shipped  as  soon  as  possible  after  each 
respective  lot  was  labelled.  The  vials  were  placed  in  custom  made, 
printed,  individual  cardboard  boxes.  These  boxes  were  then  packed 
with  dry  ice  in  Styrofoam  shipping  containers  and  shipped  on  over¬ 
night  services  via  either  Federal  Express  or  Emery  Air  Freight.  A 
confirmation  of  delivery  to  Fort  Detrick  was  received  for  each 
shipment . 
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C.  Testing 

1.  Sterility,  CFR  610.12  (Appendix  H) 

Twenty  vials  of  each  lot  of  the  final  products  are  selected  at  ran¬ 
dom  to  represent  all  stages  of  bottling.  These  are  numbered  1-20 
and  submitted  to  Economics  Laboratory,  Inc.  (Mendota  Hts.,  Minn.) 
for  sterility  testing.  In  accordance  with  CFR  610.12,  the  contents 
of  each  vial  are  innoculated  into  thioglycollate  medium  and  soybean 
casein  digest  medium  and  incubated  for  14  days  at  30-32°C  and 
20-25°C  respectively.  These  test  media  are  observed  for  growth  on 
days  three,  four,  seven,  eight  and  fourteen.  This  regulation 
requires  that  no  growth  appear  in  any  of  the  cultures  for  the 
material  to  pass  the  sterility  testing.  Economics  Laboratory,  Inc. 
submits  written  reports  of  each  lot  tested. 

2.  Pyrogen  Test,  CFR  610.13b  (Appendix  H) 

Each  lot  is  tested  for  the  absence  of  pyrogenic  substances  in  accor¬ 
dance  with  CFR  610.13b,  as  follows. 

Three  to  four  conditioned  New  Zealand  White  rabbits  (Dutchland 
Laboratory,  Denver,  Penn.,  3-5  lbs.,  females)  are  injected  intrave¬ 
nously  with  final  product  material.  Each  rabbit  receives  a  dose  of 
1  ml  per  kilogram  via  an  ear  vein  and  their  temperatures  are  moni¬ 
tored  hourly  for  three  hours.  Prior  to  injection,  a  normal  baseline 
temperature  is  established  and  recorded.  For  the  products  to  pass, 
no  rabbit '8  post  injection  temperature  can  deviate  0.6°C  or  higher 
from  its  baseline  temperature. 
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General  Safety  Test,  CFR  610.11  (Appendix  H) 

To  determine  general  toxicity  the  final  products  are  tested  as 
described  in  CFR  610.11.  The  final  products  are  warmed  to  37°C  and 
injected  intraperitoneally  into  two  guinea  pigs  (Gopher  State 
Caviary,  White  3ear  Lake,  Minn.  <400  grams  each)  and  two  mice  (Bio 
Labs,  St.  Paul,  Minn.,  <22  grams  each).  Each  guinea  pig  is  injected 
with  5cc  of  product,  each  mouse  with  .5cc.  The  animals'  weights  are 
recorded  at  the  beginning  of  each  test.  The  animals  are  observed 
each  working  day  for  seven  days  and  their  weights  recorded  on 
day  seven.  To  pass  the  requirements  of  the  General  Safety  Test,  all 
the  animals  must  remain  overtly  healthy  and  lose  no  weight  during 
the  test  interval. 

Hepatitis,  CFR  610.40  (Appendix  H) 

In  accordance  with  CFR  610.40  each  lot  of  final  product  is  tested 
for  the  presence  of  hepatitis  B  surface  antigen  and  for  antibody 
activity  against  this  antigen.  Five  milliliters  of  each  lot  is  sub¬ 
mitted  to  the  University  of  Minnesota  Blood  Bank  for  testing  by  a 
radioimmuno  assay  (Ausie  II  and  Ausab  kits,  Abbot  Laboratories, 
Plymouth,  Minn.).  A  written  report  is  submitted  to  the  laboratory 


for  each  lot. 
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5.  Neutralizing  Activity 

The  antibotulinal  neutralizing  activity  of  each  lot  is  determined  at 
USAMRIID  by  Lt.  Colonel  George  Lewis  and  Major  Martin  Crumrine. 

Five  to  ten  vials  of  each  lot  were  shipped  to  Fort  Detrick  shortly 
after  bottling  for  in  vivo  neutralizing  activity  titering  against 
toxin  types  A,  B,  C,  D,  and  E.  A  description  of  the  procedures  used 
for  testing  can  be  obtained  from  USAMRIID. 

6.  Immunoelectrophoresis  (IEP) 

The  purity  and  electrophoretic  mobility  of  the  final  products  are 
analyzed  by  immunoelectrophoresis .  In  immunoelectrophoresis,  two 
methods  are  combined — electrophoresis  of  the  samples  in  an  agarose 
matrix,  followed  by  immunodiffusion  and  reaction  with  antiserum  spe¬ 
cific  for  human  immunoglobulins  or  whole  human  serum. 

Agarose  gel  (1%)  IEP  plates  (IEP  Kit  #912,  Kallestad  Laboratories, 
Austin,  Texas)  are  used  for  all  sample  analyses.  These  are  pre-cut 
plates,  each  containing  7  sample  wells  divided  by  6  antiserum 
holding  troughs.  Sodium  barbitol  IEP  buffer  is  also  supplied  in  the 
kit.  This  is  dissolved  in  distilled  water,  pH  8.6. 

Undiluted  samples  of  the  final  product  materials  are  placed  in  the 
wells,  3  jil  per  well.  The  IEP  plates  are  then  placed  in  a  Behring 
IEP  Electrophoresis  Chamber  (Cat.  #23-705-301,  Behring,  San  Diego, 
CA),  filled  with  IEP  buffer.  The  samples  are  electrophoresed  for 
75-90  minutes  at  80  volts  using  a  D.C.  Power  Supply  (Cat.  #3371E, 
LKB,  Gaithersburg,  MD). 
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The  plates  are  then  removed  from  the  chamber  and  the  troughs  are 
filled  with  one  of  the  following  antisera:  rabbit  anti-whole 
human  serum,  rabbit  anti-human  IgG,  or  goat  anti-human  total 
immunoglobulin. 

The  antiserum  is  allowed  to  diffuse  into  the  agar  to  react  with  the 
separated  specific  proteins  for  18  hou'-s  at  room  temperature.  The 
plates  are  then  blotted  and  pressed  for  two  hours,  followed  by 
washing  in  two  changes  of  NaCl  to  remove  unreacted  proteins.  They 
are  then  washed  18  hours  in  distilled  water  to  remove  the  salts, 
dried,  and  stained  with  . 5%  Coomassie  Blue  Stain. 

7.  Analytical  and  preparative  Isoelectric  Focusing  (IEF) 

Analytical  Isoelectric  Focusing  -  Samples  are  focused  in  a  linear  pH 
gradient  from  3.5  to  9.5  on  pre-cast  gels  (Cat.  #1804-101,  LKB). 

The  gels  contain  2.4%  (w/v)  ampholyte,  5%  (w/v)  polyacrylamide,  are 
3%  cross-linked  and  are  235  X  90  X  1  mm  in  size.  Equipment  used 
includes  a  multiphor  focusing  unit  (Model  #2117,  LKB),  power  supply, 
(Model  #2103,  LKB)  and  recirculating  cold  bath  (Model  #2209,  LKB). 

Samples  (20  jil  containing  0.2  to  2.0  mg  protein)  are  applied  onto 
filter  paper  tabs  (5  X  10  mm,  Whatman,  Paratex)  which  are  placed 
approximately  2  cm  from  the  cathode.  The  cathode  and  anode 
electrode  solutions  are  1.0  M  NaOH  and  1.0  M  H3PO4  respectively. 

The  samples  are  focused  for  90  minutes,  4°C,  at  30  watts  constant 
power.  The  application  tabs  are  removed  after  45  minutes. 


At  the  end  of  the  run,  the  pH  gradient  of  the  gel  at  4°C  is  deter¬ 
mined.  A  Beckman  3500  pH  meter  (Beckman  Instruments,  Irvine,  CA) 
with  a  combination  surface  electrode  (Cat.  #2117-111,  LKB)  is  used 
to  determine  the  pH  of  the  gel  in  1  cm  increments.  The  gel  is 
focused  for  10  additional  minutes  to  increase  the  sharpness  of  the 
bands.  Alternately,  pH  standards  (pH  Kit  3-10,  Pharmacia, 
Piscataway,  New  Jersey)  are  included  in  the  gel  and  the  gel  is 
allowed  to  reach  20°C  during  the  last  20  minutes  of  the  focusing 
run. 

The  focused  gel  is  fixed  for  45  minutes  in  a  solution  of  IX  methanol 
(v/v)  and  0.5%  sulphosalicylic  acid.  Prior  to  staining,  the  gel  is 
soaked  for  5  minutes  in  destaining  solution  which  contains  25%  etha¬ 
nol  (v/v)  and  8%  acetic  acid  (v/v).  This  allows  the  gel  to 
equilibrate  to  the  staining  conditions  and  also  helps  to  remove 
ampholytes.  The  gel  is  stained  for  10  minutes  at  60°C  in  a  filtered 
stain  consisting  of  0.1%  Coomassie  Blue  R-250  (w/v)  in  destaining 
solution.  The  gel  is  destained  for  at  least  48  hours  with  several 
changes  of  destain.  To  preserve  the  stained  gels,  they  are  soaked 
in  destaining  solution  contr ; ning  10%  glycerol  (v/v)  for  45  minutes, 
air  dried  overnight  and  covered  with  a  thin  plastic  film. 

Preparative  Electrof ocusing  in  a  Granulated  Gel  (PEGG)  -  PEGG  is 
performed  in  a  glass  tray  (244  X  108  X  5  mm)  containing  a  100  ml 
slurry  of  protein  (60-150  mg),  highly  washed  G-75  Sephadex  (4.0  gm), 
ampholytes  (5%  w/v)  and  distilled  water.  The  protein  is  generally 


dialyzed  against  1%  glycine  prior  to  focusing  to  reduce  the  salt 
content.  The  ampholyte  mixture  is  chosen  to  give  a  linear  pH  gra¬ 
dient  throughout  the  pH  range  of  interest. 

The  slurry  is  poured  into  the  glass  tray  and  air  dried,  with  a  4" 
muffin  fan,  to  an  optimal  water  content.  The  cathode  and  anode  wicks 
are  soaked  in  1.0  H  NaOH  and  1.0  M  H3PO4  respectively  and  are  placed 
along  the  short  sides  of  the  tray. 

Samples  are  focused  for  16-18  hours,  10°C,  at  a  constant  power  of 
8  watts.  Voltage  is  set  not  to  exceed  1,200  volts.  Equipment  used 
includes  a  multiphor  focusing  unit  (Model  #2117,  LKB),  power  supply 
(Model  #2103,  LKB)  and  a  recirculating  cold  bath  (Model  #2209,  LKB). 
After  the  run  is  complete,  a  print  is  taken  to  record  the  pattern  of 
the  completed  separation.  A  sheet  of  filter  paper  (Whatman  #1, 

224  X  103  ram)  is  applied  directly  to  the  gel  surface  for  30  seconds, 
removed  and  quickly  dried  with  a  hot  air  blower.  The  dry  print  is 
then  washed  three  times  in  10%  trichloracetic  acid  for  15  minutes 
each  time.  The  print  is  stained  for  10  minutes,  at  room  tem¬ 
perature,  in  a  0.2%  Coomassie  Blue  R-250  solution  (1:5:1  - 
methanol :vater : acetic  acid)  and  destained  in  the  same  solution 
without  dye  until  the  background  color  disappears.  The  print  is 
then  air  dried. 

The  separated  protein  zones  are  collected  by  sectioning  the  gel  bed 
into  30  equal  parts  using  a  fractionating  grid  (Cat.  #90-00-0161, 
LKB).  The  pH  gradient  at  10°C  is  determined  by  placing  a  com- 
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bination  surface  electrode  (Cat.  #2117-111,  LKB)  directly  into  each 
section.  Thirty  small  columns  are  placed  over  thirty  polypropylene 
test  tubes  (Cat.  #2006,  17  X  100  mm,  Falcon,  Oxnard,  CA).  Each  gel 
section  is  transferred,  using  a  spatula,  to  a  small  column  and  mixed 
with  1.5  ml  12  glycine.  After  the  gel  bed  has  settled,  an  addi¬ 
tional  1.5  ml  12  glycine  is  added  to  the  top  of  each  column.  The 
columns  are  centrifuged  for  60  minutes,  280  X  g,  4°C  and  the  elu¬ 
tions  collected.  Total  protein  of  each  elution  in  determined  by 
measuring  the  absorbance  at  280  nm  (Model  2.600  spectrophotometer, 
Gilford,  Oberlin,  OH).  Each  elution  may  be  tested  further  using 
radial  immunodiffusion,  enzyme  assays,  immunoelectrophoresis  or  ana¬ 
lytical  isoelectric  focusing.  Typically,  3  ml  of  eluant  is  reco¬ 
vered  from  each  column  and  the  total  recovery  of  protein  is  70-802. 

High  Performance  Liquid  Exclusion  Chromatography  (HPLEC) 

High  performance  liquid  exclusion  chromatography  (HPLEC)  is  per¬ 
formed  on  a  rigid,  spher''  al,  porous  gel  matrix.  The  matrix  con¬ 
sists  of  silica  particles  or  10+2  micron  size  with  a  hydrophilic 
surface. 

Ten  microliters  of  sample  (7-20  mg/ml)  are  applied  to  two 

300  X  7.5  mm  TSK-3000-SW  columns  (Beckman  Instruments)  connected  in 

series.  The  columns  are  equilibrated  in  pH  6. 3+0. 1  PBS  buffer 

(100  mM  phosphate,  100  mM  NaCl)  at  a  flow  rate  of  0.5  ml/min.  (Model 

112  pump,  Beckman  Instruments).  The  column  effluent  is  monitored 

for  one  hour  at  280  nm  (Model  2238  U.V.  monitor,  2.5  mm  flow  cell, 
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0.05  AUFS,  LKB)  and  a  tracing  is  made  of  the  separation  (Model  2210 
recorder,  0.5  cm/min.,  LKB). 

The  molecular  weight  of  each  peak  is  estimated  using  a  linear 
regression  formula  based  on  the  retention  times  of  globular  proteins 
of  known  molecular  weight  (Cat.  #151-1901,  Bio  Rad  Laboratories, 
Richmond,  CA)  ranging  from  10,000  to  300,000  daltons.  Proteins 
elute  in  order  of  decreasing  size.  The  molecular  weight  of  a  sample 
is  reproducible  +5Z  over  a  six  month  period. 

9.  Protein  Determination  (Biuret,  RID  and  Lipid) 

Biuret  -  Total  protein  is  determined  by  the  Biuret  method.  Sample 
or  standard,  50  ul,  is  added  to  5.0  ml  of  normal  saline  (1:101 
dilution).  Biuret  reagent  (13.5  mM  CuSO^,  7.84  N  NaOH),  2.5  ml,  is 
added  to  the  diluted  protein,  mixed  and  allowed  to  stand  for 
20-60  minutes  before  the  absorbance  at  310  nm  (model  2600 
spectrophotometer,  Gilford,  or  Model  25  spectrophotometer,  Beckman 
Instruments)  is  determined.  A  four  point  standard  curve  is 
constructed  using  bovine  serum  albumin  (Cat.  #81-016,  Miles 
Laboratories,  Inc.,  Elkhart,  IN)  standards  at  20,  40  and  60  mg 
protein/ml  and  a  blank  consisting  of  5.0  ml  saline  and  2.5  ml  of 
biuret  solution.  All  samples  and  standards  are  tested  in  triplicate 
and  the  average  absorbance  is  used.  The  protein  concentration  of 
each  sample  is  determined  by  using  a  linear  regression  formula  based 
on  the  absorbance  of  the  four  standards. 


Radial  Imnunod if fus ion  (RID)  -  Individual  plasma  proteins  are  quan¬ 
titated  by  the  Mancini  method  (6).  Samples  are  placed  in  wells  cut 
in  agar  containing  specific  antibody.  When  the  specific  antibody  in 
the  agar  reaches  equilibrium  with  its  antigen,  a  ring  of  precipitate 
is  established.  At  end  point,  the  diameter  of  the  ring  is  directly 
proportional  to  the  protein  concentration  of  the  unknown  which  is 
determined  by  comparison  with  known  standards.  Ring  diameters  are 
measured  at  endpoint,  to  the  nearest  0.1  mm  using  a  calibrating  RID 
viewer  (Cat.  #928,  Kaliestad  Laboratories).  High  level  albumin 
measurements,  however,  are  timed  (5  hours  +_  15  minutes  at  room 
temperature).  Standards  are  supplied  by  the  plate  manufacturers  and 
immunoglobulin  research  preparations.  A  table  of  the  RID  plates 
used  for  this  report  is  shown  below: 


Lowest 


Protein 

Standard 

Range 

(mg/ml) 

Detectable 

Level 

(mg/ml) 

Manufacturer 

Catalog 

Number 

IgG 

3.00-23.50 

0.0460 

KAL 

5l9 

IgG 

0.15-3.50 

0.0188 

KAL 

523 

IgG 

0.01-0.20 

0.0060 

KAL 

525 

IgA 

0.45-4.25 

0.0390 

KAL 

520 

IgA 

0.04-0.60 

0.0076 

KAL 

527 

IgM 

0.45-4.00 

0.0450 

KAL 

521 

IgM 

0.04-0.50 

0.0252 

KAL 

530 

Albumin 

10.75-68.00 

0.1000 

KAL 

640 

Albumin 

0.04-1.00 

0.0160 

KAL 

567 

Transferrin 

0.60-4.50 

0.0153 

KAL 

533 

2~Macroglobulin 

0.50-4.00 

0.1000 

KAL 

Special 

Order 

Hemopexin 

0.30-1.46 

0.1000 

CALBIO 

12-751-1 

^-Lipoprotein 

(HDL) 

0.10-0.40 

0.0200 

MD  Lab 

Special 

Order 

{}  -Lipoprotein 

(LDL) 

0.75-7.60 

0.1000 

MD  Lab 

Special 

Order 

KAL  -  Kallestad  Laboratories 

CALBIO  -  Calbiochem-Behring,  La  Jolla,  California 
MD  Lab  -  Mike  Dolman  Lab,  Richfield,  Minnesota 
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Lipid  Analysis  -  Cholesterol  and  triglyceride  levels  are  determined 
on  a  Technicon  Autoanalyzer  11.  Assays  are  performed  by  the  Central 
Lipid  Laboratory,  Department  of  Surgery,  University  of  Minnesota  in 
Minneapolis . 

Cholesterol  is  determined  by  Technicon  method  SE4-0016FH4. 
Cholesterol  is  extracted  in  isopropanol,  added  to  a  modified 
Lieberman-Buechard  reagent,  and  the  absorbance  measured  at  630  nm. 
Triglycerides  are  determined  by  Technicon  method  SE4-0023FE5. 
Triglycerides  are  extracted  in  isopropanol,  saponified  to  glycerol, 
and  oxidized  to  formaldehyde.  Triglycerides  are  then  measured  as 
formaldehyde  by  the  formation  of  a  flourescent  condensation  product 
(Hantzsch  reaction).  The  lowest  detection  levels  are  0.05  mg/ml  and 
0.10  mg/ml  for  cholesterol  and  triglycerides,  respectively. 

10.  Assay  Method  for  IgG  Subclasses 

Quantitation  of  IgG  subclasses  is  accomplished  by  using  a  double 
antibody,  radio  labelled  1^5  a8say.  Assays  are  performed  by  Dr. 
William  Yount,  Dept,  of  Medicine,  University  of  North  Carolina  at 
Chapel  Hill.  Samples  are  diluted  from  1/1000  to  1/100,000.  The 
specific  IgG  subclass  antibody  is  added  and  incubated  overnight. 

The  1^1  labelled  subclass  IgG  (purified  from  human  IgG  subclass 
monoclonal  myeloma  sera)  is  added  and  incubated  for  two  hours. 
Following  this  incubation,  the  second  antibody  is  added  and  incu¬ 
bated  overnight.  The  precipitate  is  washed  three  times  and 
radioactivity  measured  and  compared  with  a  standard.  For  human 
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subclasses  IgGj  and  IgGj,  the  first  antibody  is  a  rabbit  anti-human 
IgG}  and  Ig(»3t  and  the  second  antibody  is  a  goat  anti-rabbit  IgG. 
For  human  subclasses  IgG2  and  IgG^  and  the  second  antibody  is  a  goat 
anti-monkey  IgG.  The  sensitivity  and  reproducibility  of  the  method 
permits  accurate  measurement  of  as  little  as  0.0002  mg/ml  of  an  IgG 
subclass . 

11.  Plasminogen  Assay 

Chromogenic  substrate  S-2251  (Kabi  Diagnostics,  Stockholm,  Sweden) 
is  a  synthetic  peptide  which  is  used  for  the  detection  of  the  enzyme 
plasmin.  When  S-2251  is  reacted  with  plasmin,  a  chromophore  is 
released  causing  a  spectrophotometric  increase  at  405  nm.  The 
substrate  is  sufficiently  specific  and  sensitive  to  measure  0.01 
CTA*  units/ini  of  plasmin.  Trypsin  and  glandular  kallikrein  will 
react  with  S-2251  but  to  a  lesser  extent  than  plasmin.  Most  enzymes 
(including  thrombin,  factor  Xa,  plasma  kallikrein  and  urokinase) 
have  little  or  no  effect  on  this  substrate.  The  assay  involves  the 
addition  of  streptokinase  (Cat.  #S-3134,  Sigma,  St.  Louis,  M0)  to 
diluted  plasma  samples  which  results  in  a  plasminogen-streptokinase 
complex  which  has  enzymatic  activity.  Since  streptokinase  is  added 
in  excess,  no  free  plasminogen  is  left  to  be  activated  to  plasmin 
and  the  complex  is  not  inhibited  by  plasma  inhibitors.  Thus,  we  are 
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measuring  total  plasminogen  (potential  plasmin)  plus  plasmin  which 
is  not  bound  to  any  inhibitor. 

Our  plasminogen  standard  is  human  plasma  from  eight  donors.  Equal 
volumes  of  plasma  from  the  donors  are  mixed  and  dispensed  into  2  ml 
aliquots.  The  plasma  is  stored  at  -57°C.  The  plasminogen  content 
of  the  standard  plasma  (2.69  CTA  units/ml)  is  determined  from  a 
standard  curve  prepared  from  purified  plasmin  (10.2  CTA  units/ml, 
supplied  by  Dr.  B.  Alving,  Bureau  of  Biologies,  Bethesda,  Maryland). 
On  the  day  of  each  assay,  2  ml  of  standard  plasma  is  thawed  at  37°C 
and  then  kept  on  ice. 

Samples  and  standards  are  diluted  1:41  in  a  pH  7.4  Tris  buffer 
(50  mM  Tris,  12  mM  NaCl).  Assays  can  be  performed  between  pH  6.5 
and  pH  9.0.  Each  sample,  200  ul  ,  is  dispensed  into  a  12  X  75  mm 
borosilicate  glass  test  tube  and  incubated  for  5  minutes  at  37°C. 
Streptokinase  (10,000  lU/ml  in  H2O,  37°C),  1000  ul,  is  added  to  each 
sample.  Incubation  continues  for  exactly  10  minutes.  Substrate 
solution  (0.86  mM  S— 225 1  in  pH  7.4  Tris),  700  jil,  is  added  to  each 
sample,  mixed  and  monitored  at  370C,  405  nm  (Model  2600 
Spectrophotometer,  Gilford)  in  pre-heated,  1  cm  semi-microcuvettes. 

A  nine  point  standard  curve  is  constructed  ranging  from  0.00  CTA 
units/ml  to  4.04  CTA  units/ml.  Tht  plasminogen  concentration  is 
plotted  against  the  &A405/min.  and  a  linear  regression  analysis  is 
performed. 


The  reaction  rate  increases  linearly  with  increasing  concentration  of 
plasminogen.  The  plasminogen  concentration  of  each  unknown  is 
calculated  by  entering  the  AA405/min.  of  the  unknown  into  the  linear 
regression  formula.  The  AA405/min.  is  the  average  of  a  five  minute 
reading.  For  each  sample,  the  absorbance  at  405  nm  is  plotted  to 
verify  a  linear  rate  increase  throughout  the  entire  5  minute  period. 

When  our  standard  plasma  (2.69  CTA  units/ml)  is  diluted  1:250 
(0.01  CTA  units/ml)  followed  by  the  1:41  dilution  in  pH  7.4  Tris 
buffer,  a  AA405/min.  of  0.001  is  observed  (0.005  over  a  five  minute 
period)  which  is  easily  measurable  on  our  instrument.  Thus,  the 
lowest  detection  level  possible  is  0.01  CTA  units/ml.  Repeated 
testing  of  the  same  sample  yields  results  which  are  reproducible 
within  +0.10  CTA  units/ml. 

Prekallikrein  Assay 

Substrate  S-2302  (Kabi  Diagnostica,  Stockholm,  Sweden)  is  used  for 
the  detection  of  plasma  kallikrein.  The  plasma  kallikrein  formed 
catalyzes  the  splitting  of  the  chromophore  p-nitroaniline  (pNA)  from 
the  substrate  H-D-Pro-Phe-Arg-pNA.  The  rate  at  which  pNA  is 
released  is  measured  photometrically  at  405  nm.  The  substrate  is 
sufficiently  specific  and  sensitive  to  measure  0.1  jig/ml  of  plasma 
kallikrein.  Other  enzymes,  including  plasmin,  will  react  with 
S-2302  but  to  a  lesser  extent  than  plasma  kallikrein.’  The  assay 
involves  the  activation  of  prekallikrein  to  kallikrein  by  an  activa¬ 
tor  (Plasma  prekallikrein  activator,  Kabi  Diagnostica)  consisting  of 


a  mixture  of  ellagic  acid,  cephalin,  Hageman  factor  and  high  molecu¬ 
lar  weight  kininogen  in  Tris-HCl  buffer  (50  mM,  pH  7.8).  By  using 
nitrated  plasma  in  a  diluted  system  and  a  short  activation  time,  the 
method  is  only  slightly  influenced  by  inhibitors  of  kallikrein. 

Thus,  we  are  measuring  the  total  prekal likrein  (potential 
kallikrein)  plus  free  kallikrein  which  is  not  bound  to  any 
inhibitor. 

Our  prekallikrein  standard  is  human  plasma  from  eight  donors.  Equal 
volumes  of  plasma  from  the  donors  are  mixed  and  dispensed  into  2  ml 
aliquots  and  stored  at  -70°C.  The  prekallikrein  content  of  the 
standard  plasma  is  30.0  ug/ml.  On  the  day  of  each  assay,  2  ml  of 
standard  plasma  is  thawed  at  37°C  and  then  kept  at  room  temperature. 

Samples  and  standards  are  diluted  1:61  in  a  pH  7.8  Tris  buffer 
(50  mM  Tris-HCl).  Assays  are  performed  at  pH  7. 8+0. 2.  Activator, 
200  jal,  is  incubated  at  37°C  in  a  5  ml  plastic  test  tube  for  3  to  4 
minutes.  Standards  or  samples,  200  ^il,  are  added,  mixed  and  incu¬ 
bated  at  37°C  for  2  minutes.  Substrate  solution  (2  mM  S-2302  in 
pH  7.8  Tris),  200  jil  is  added  to  each  sample,  mixed  and  monitored  at 
405  nm  (Model  2600  Spectrophotometer,  Gilford),  37°C,  in  pre-heated, 
1  cm  semi-microcuvettes. 

An  eight  point  standard  curve  is  constructed  ranging  from  0  jig/ml  to 
37.5_pg/ml.  The  prekallikrein  concentration  is  plotted  against  the 
AA405/min.  and  a  linear  regression  analysis  is  performed.  The  reac¬ 
tion  rate  increases  linearly  with  increasing  concentration  of  pre- 


kallikrein.  The  prekallikrein  concentration  of  each  unknown  is 
calculated  by  entering  the  £A405/min.  of  the  unknown  into  the  linear 
regression  formula.  The  AA405/min.  is  the  average  of  a  two  minute 
reading.  For  each  sample,  the  absorbance  at  405  nm  is  plotted  to 
verify  a  linear  rate  increase  throughout  the  entire  2  minute  period. 

When  our  standard  plasma  (30.0  jig/ml)  is  diluted  1:250  (0.12  jig/ml) 
followed  by  the  1:61  dilution  in  pH  7.8  Tris  buffer,  the  AA405/min. 
is  easily  measurable  on  our  instrument.  Repeated  testing  of  the 
same  sample  yields  results  which  are  reproducible  within  _+.20  ^ig/ml. 

Circulatory  Half-Life 

It  was  initially  proposed  that  the  circulatory  half-life  of  the  IVBG 
final  products  be  determined  by  our  laboratory.  Testing  was  done  by 
intravenously  injecting  normal  rabbits  with  final  product  and  then 
at  given  intervals,  serum  samples  were  drawn  from  each  animal. 
Anti-human  gamma  globulin  radial  immunodiffusion  plates  (Cat.  #525, 
Kallestad  Labs.)  were  used  to  quantitate  the  level  and  reduction  of 
circulating  human  IgG  in  the  rabbits'  sera  over  time. 

It  was  later  decided  that  the  half-life  studies  be  conducted  by 
USAMRIID  in  monkeys  and  human  volunteers.  The  half-life  of  the 
neutralizing  activity,  not  the  circulating  IgG  will  be  measured  by 
their  method. 


Anti-Complementary  Activity 


Samples  of  each  final  product  are  being  tested  for  the  presence  of 
anti-complementary  activity  by  Dr.  Henry  Gewurz,  department  of 
Immunology,  Rush-Presby terian,  St.  Luke's  Medical  Center,  Chicago, 
Illinois.  An  enzyme  assay  will  be  used  to  determine  the  amount  of 
final  product  protein  required  to  bind  50%  of  the  Clq  in  a  standard 
solution. 

Limited  Proteolysis  of  IgG  by  Plasmin 

Plasmin  in  an  endopeptidase  which  cleaves  arginine-lysine  or  valine- 
isoleucine  peptide  bonds.  Human  plasminogen  (#51H304,  120  units/mg, 
Worthington  Biochemicals,  Freehold,  NJ  )  is  converted  to  plasmin  by 
the  addition  of  urokinase  (#A18A,  1700  Plough  units  per  vial,  Leo 
Pharmaceuticals,  Ballerup,  Denmark).  The  ratio  of  Plough  units  to 
plasmin  units  is  2:1  at  9  mg/ml  plasmin  in  a  pH  8.0  Tris  buffer 
(50  mM  Tris,  100  mM  NaCl,  20  mM  glycine,  25%  glycerol).  IgG, 
plasmin,  (38  mg:l  mg  ratio)  buffer  and  normal  saline  are  mixed  and 
incubated  sterilely  for  8  hours  at  37°C.  The  final  concentration  of 
ingredients  is  30  mg/ml  IgG,  0.8  mg/ml  (89  units/ml)  plasmin,  and 
7  mM  Tris-HCl  (pH  8.0,  114  mM  NaCl,  3  mM  glycine,  4%  glycerol).  As 
a  control,  IgG  samples  are  incubated  at  37°C  as  above  except  that 
plasmin  is  omitted.  Degradation  is  stopped  by  freezing  the  samples 
at  -57°C.  Anaylsis  of  the  IgG  degradation  is  done  by  HPLEC. 
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Shelf  Life  Study 


For  the  purpose  of  studying  the  physical  and  biological  stability  of  the 
final  product  preparations,  shelf-life  studies  were  initiated  after  each 
bottling . 


Thirteen  to  twenty  vials  of  final  product  were  placed  at  various  tem¬ 
peratures  and  will  be  assayed  at  the  time  intervals  listed  below: 


Temperature 


Storage  Time 


37  “C 


room  temperature 


-20°C 


6  months,  18  months,  36  months 
6  months,  18  months,  36  months 
6  months,  18  months,  36  months 
6  months,  18  months,  36  months 


These  will  be  assayed  for  the  presence  of  split  products  by  HPLEC,  immu- 
noelectrophoresis  and  isoelectric  focusing.  Levels  of  prekallikrein  and 
plasminogen  will  be  determined. 


As  close  as  possible  to  the  dates  listed  below,  an  aliquot  of  each  vial 
will  be  sent  to  Fort  Detrick  for  determining  the  neutralizing  antibody 
activity  to  botulinal  toxins.  A,  B,  C,  D  and  E. 
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IVBG-1A 

IVBG- IB 

IVBG-2A 

IVBG-2B 

4/28/82 

11/10/82 

2/04/83 

3/03/83 

6 

month 

samples 

4/28/83 

11/10/83 

2/04/84 

3/03/84 

18 

month 

samples 

10/10/84 

5/10/85 

8/04/85 

9/03/85 

36 

month 

samples 

All  data 

obtained  will  be 

collated  and  sent 

to  Fort  Detrick 

.  A  copy  will 

be  filed  in  the  ALG  Laboratory  IVBG  log  book. 


Fractionation 


The  two  major  steps  in  plasma  fractionation  are  silicon  dioxide  treatment 
(SiC^)  and  QAE  A-50  sephadex  anion  exchange  chromatography.  S1O2  removes 
or  substantially  reduces  concentrations  of  plasminogen,  prekallikrein, 
triglycerides,  cholesterol,  alpha-lipoprotein,  beta-lipoprotein,  clotting 
factors,  fibrinogen  and  complement  components  in  the  plasma  pool.  The 
effect  of  Si(>2  is  demonstrated  by  comparing  the  concentration  of  these 
plasma  components  in  the  plasma  pool  with  the  concentration  at  the 
pre-QAE  stage.  The  QAE  procedure  isolates  IgG  from  the  remaining 
protein.  The  effect  of  QAE  is  demonstrated  by  comparing  the  con¬ 
centration  of  various  proteins  in  the  pre-QAE  stage  with  the  final  pro¬ 
duct.  The  SiC>2  and  QAE  procedures  are  the  only  procedures  that 
substantially  change  the  relative  concentration  of  various  plasma  com¬ 
ponents.  Other  procedures  remove  particulates,  exchange  buffers,  or 
change  the  concentration  of  all  macromolecular  components  equally.  For 
thic  reason  the  data  presented  in  this  section  refers  to  plasma  pool, 
pre-QAE  (post  Si02)  and  final  product  (post  QAE)  stages  of  fractionation. 

Variables  that  affect  the  efficiency  of  these  procedures  are  carefully 
controlled  and  monitored.  When  necessary,  adjustments  in  these  variables 
are  made.  The  variables  that  affect  the  Si(>2  and  QAE  procedures,  the 
results  of  these  procedures  and  sequence  of  fractionation  steps  for  each 
lot  are  presented  in  this  section. 


Flow  Sheets 


The  general  procedures  used  in  the  preparation  of  the  four  lots 
IVBG-1A,  IVBG-lB,  IVBG-2A  and  IVBG-2B  are  described  in  the 
Fractionation  Methods  section  and  are  shown  in  Flow  Sheet  1.  Flow 
Sheets  2,  3,  4  and  5  for  IVBG-1A,  IVBG-lB,  IVBG-2A  and  IVBG-2B 
respectively,  show  in  greater  detail  the  sequence  and  condition  of 
the  fractionation  procedure,  as  well  as  the  volumes,  grams  total 
protein  and  grams  of  IgG.  Differences  in  the  procedures  from  lot  to 
lot  apparent  in  the  flow  sheets  result  from  changes  made  to  maximize 
yields  or  ensure  purity  of  the  final  product.  For  example,  the  Si02 
concentration  of  28  gm/1  in  IVBG-1A  was  increased  to  30  gm/1  to 
obtain  complete  removal  of  triglycerides  before  the  QAE  step.  On 
IVBG-1A  a  second  QAE  procedure  was  done  (QAE  2)  to  ensure  complete 
removal  of  alpha-2  macroglobulin;  on  the  following  lots  this  QAE  2 
step  was  not  necessary.  The  difference  in  sterile  filtration  vol- 
mes  of  302  liters  for  IVBG-1A  and  209  liters  for  IVBG-lB  was  the 
result  of  adjustments  made  in  the  Si02  cake  wash  procedures.  In 
Flow  Sheet  3  for  IVBG-lB  two  extra  steps  are  shown.  First,  the 
addition  of  IVBG-1A  remnants  represents  IgG  produced  in  the  frac¬ 
tionation  of  IVBG-1A  by  not  bottled  with  that  lot.  Second,  the 
"second  bottling"  of  IVBG-lB  was  done  because  a  white  rinr  -'f  pro¬ 
tein  had  formed  around  the  vial  stoppers  during  storage  at  4°C.  The 
reason  for  these  adjustment  or  modifications  of  procedures  and  the 
results  of  the  major  fractionation  procedures  are  presented  in  this 


section. 


Plasma  Pool  (Table  II) 


At  the  time  of  processsing,  our  facility  was  best  suited  for 
handling  lot  volumes  of  200-300  liters.  For  this  reason  the  plasma 
was  processed  in  four  lots  of  nearly  equal  volumes.  Plasma  pool 
volumes  ranged  from  230  liters  to  240  liters  with  from  682  to  699 
units  being  used  in  each  lot.  The  plasma  pool  volume,  the  number  of 
units,  the  source  of  the  plasma  and  the  date  of  plasma  receipt  of 
each  lot  is  shown  in  Table  II. 

As  the  plasma  units  were  thawed  two  things  were  noted.  First,  many 
of  the  transfer  packs  were  damaged  and  plasma  had  started  to  leak 
from  these  bags.  The  incidence  of  broken  bags  was  much  higher  in 
the  shipment  from  Michigan  (approximately  502)  than  in  the  USAMRIID 
shipment  (approximately  10%).  Second,  all  of  the  plasma  was  highly 
lipemic,  more  so  than  the  cryopoor  plasma  that  we  usually  process. 

Si02  Treatment 

When  a  fumed  silica  powder  such  as  Aerosil  380  is  added  under 
controlled  conditions  to  plasma,  certain  plasma  components  are  pre¬ 
ferentially  adsorbed  onto  the  surface  of  the  silica  particles.  The 
particle  and  adsorbed  protein  complex  may  then  be  removed  by  sedi¬ 
mentation.  In  general,  all  proteins  are  adsorbed  to  some  extent  but 
some  are  so  efficiently  bound  as  to  be  quantitatively  removed  by  this 
procedure . 


A  discussion  of  some  of  the  effects  of  silica  on  the  treatment  of 
plasma  in  the  preparation  of  organ  perfusion  solutions  may  be  found 
in  Appendex  Al. 

Unwanted  plasma  components  that  are  removed  or  substantially  reduced 
by  SiC>2  treatment  are  plasminogen,  prekallikrein,  triglycerides, 
cholesterol,  alpha-lipoprotein,  beta-lipoprotein,  clotting  factors, 
fibrinogen  and  complement  components.  Removal  of  these  proteins 
results  in  a  highly  stable,  clarified  protein  solution. 

In  the  application  of  this  procedure  to  the  treatment  of  the  IVBG 
plasma  pools,  the  high  level  of  lipids  had  to  be  considered  in  order 
to  determine  the  amount  and  the  conditions  of  the  addition  and  pro¬ 
cessing  of  the  SiC>2.  The  addition  of  two  or  three  small  amounts  of 
SiC>2  with  the  removal  of  SiC>2  and  adsorbed  proteins  after  each 
addition  is  known  to  give  better  yields  than  the  addition  of  the 
same  total  amount  of  Si02  at  one  time.  Also,  it  has  been  shown 
recently  in  our  lab  that  lowering  the  pH  down  to  5.5  requires  less 
Si02  to  achieve  the  desired  removal  of  unwanted  components  and  thus 
gives  higher  IgG  yields. 

F-  IVii  the  plasma  was  adjusted  to  pH  5.5  with  6  molar  acetic 
acid  and  three  Si(>2  additions  were  done.  After  the  first  addition 

of  18  grams  of  Si02  per  liter  of  plasma  pool  volume  and  the  second 

addition  gm/1,  the  cakes  were  washed  twice  and  the  recovered 

protein  set  aside.  A  final  5  gra/1  addition  was  done  and  all  the  pro 

tein  was  combined  and  centrifuged.  Because  this  combination  of  con- 
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ditions  did  not  completely  remove  triglycerides  from  the  plasma  pool 
(0.13  mg/ml  remaining  in  the  pre-QAE  sample,  see  Table  III),  the 
IVBG-1B  pool  was  not  acidified  and  was  treated  with  two  Si02  addi¬ 
tions  of  20  gra/1  and  10  gm/1  to  ensure  the  complete  removal  of 
unwanted  components.  The  Si02  cakes  were  not  washed  on  this  lot. 

For  lots  IVBG-2A  and  2B  two  Si02  additions  of  20  gm/1  and  10  gm/1 
were  done  on  each  with  the  Si02  cakes  from  the  10  gm/l  addition 
being  washed  twice.  Protein  recovered  from  the  washes  was  added  to 
the  final  post  Si02  centrifugation  as  in  IVBG-1A. 

Removal  of  Lipoprotein  (Table  III)  -  Removal  of  the  lipid  components 
in  the  plasma  pool  is  important  in  several  respects.  The  presence 
of  high  concentrations  of  lipids  can  make  sterile  filtration  and 
ultrafiltration  impossible.  In  addition,  the  QAE  resin  is  not  able 
to  remove  large  quantities  of  lipids.  If  the  correct  amount  of  Si(>2 
is  added  to  the  plasma,  the  lipids  will  be  removed.  For  ordinary 
plasma,  20  gm/1  is  sufficient.  For  IVBG  plasma  pools,  30  gm/1  was 
necessary.  The  lipid  concentrations  in  the  four  IVBG  plasma  pools 
ranged  from  0.55  mg  of  alpha-lipoprotein  (HDL)  per  ml  of  plasma  to 
3.06  mg/ml  for  beta-lipoprotein  (LDL).  Triglyceride  and  cholesterol 
levels  were  intermediate  within  this  range.  Table  III  shows  the 
levels  of  triglycerides,  cholesterol,  alpha-lipoprotein,  and  beta- 
lipoprotein  in  the  plasma  pool,  pre-QAE  and  final  product  samples. 
The  Si02  treatment  reduced  the  levels  of  all  four  components  to 
undetectable  levels  in  every  lot  with  the  exception  of  IVBG-1A  in 
which  0.13  mg/ml  of  triglyceride  was  still  present  in  the  pre-QAE 
sample.  Anion  exchange  chromatography  removed  this  residual  amount. 
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Removal  of  Plasminogen  and  Prekallikrein  (Table  IV)  -  Plasminogen 


and  prekallikrein  are  proenzymes  which,  in  the  presence  of  activa¬ 
tors,  can  degrade  other  proteins.  For  this  reason  they  must  be 
removed.  When  plasminogen  was  measured  in  IVBG  plasma  pools,  con¬ 
centrations  of  3.06  to  3.52  CTA  U/ml  were  found.  This  represents  as 
much  as  841,000  total  units  of  activity  (1VBG-2B).  Following  Si02 
treatment,  plasminogen  was  not  detected  in  any  samples. 

Prekallikrein  concentration  in  the  plasma  pool  ranged  from  4.1  to 
11.2  raicrograms/ml .  Si02  treatment  reduces  the  total  amount  of  pre¬ 
kallikrein  by  an  average  of  88%.  QAE  reduces  the  re.  ining  pre¬ 
kallikrein  for  a  total  average  removal  of  99%.  The  prekallikrein 
concentration  in  the  final  product  ranged  from  0.5  to  3.8  micrograms 
per  ml.  Table  IV  contains  the  complete  set  of  values  for  both 
plasminogen  and  prekallikrein  in  the  fractionation  samples. 

Effect  on  IgG  and  IgG  Subclasses  (Table  V)  -  The  yield  of  total  IgG 
through  the  Si02  step  averaged  67.3%  with  a  maximum  of  75%  for 
IVBG-lB  and  a  minimum  of  53%  for  IVBG-2B.  Treatment  with  Si02  con¬ 
sistently  results  in  the  nearly  complete  removal  of  the  IgGj 
subclass.  The  IgGg  values  shown  in  Table  V  for  IVBG-2A  and  IVBG-2B 
are  far  above  the  expected  normal  range  and  suggest  an  error  in  the 
determination.  For  this  reason  samples  of  IVBG-2A  and  IVBG-2B  have 
been  resubmitted  for  subclass  determinations.  For  IVBG-1A  and 
IVBG-lB  the  indicated  subclass  yields  were  normal.  The  average 
yield  following  SiC>2  treatment  was  88.5%  for  IgG},  57.5%  for  IgG2, 


0.452  for  IgG3,  aud  91.02  for  IgG^.  The  Lotal  IgG  grams  and  percent 
yields  discussed  here  and  shown  in  Table  V  are  based  on  the  amount 
of  IgG  produced  in  each  lot  without  adjustment  for  the  73  gram 
carryover  from  IVBG-1A  to  the  IVBG-1B  bottling. 

QAE  A-50  Anion  Exchange  Chromatography  (Table  VI) 

Anion  exchange  liquid  chromatography  on  QAE  A-50  Sephadex  is  used  to 
isolate  native  IgG  from  the  stabilized  pre-QAE  protein  solution.  A 
number  of  critical  variables  are  carefully  controlled  to  obtain  the 
maximum  efficiency,  yield  and  above  all,  purity  from  this  procedure. 

pH  and  Conductivity  -  The  most  critical  variables  are  the  pH  and 
conductivity  of  the  plasma,  QAE  and  buffers.  At  a  pH  of  6.6  and  a 
conductivity  of  5.85  raS  at  21°C,  all  of  the  pre-QAE  plasma  com¬ 
ponents  bind  to  the  QAE  except  IgG.  IgG  molecules  which 
have  isoelectric  points  near  or  above  neutrality  pass  through  the 
column  without  interacting  with  the  QAE.  The  pH  and  conductivity  of 
the  process  is  determined  by  equilibrating  the  QAE,  diafiltering  the 
plasma,  and  eluting  the  IgG  off  the  QAE  with  a  pH  6.6,  0.0194  M  imi¬ 
dazole,  0.0888  M  acetate  buffer  which  has  a  conductivity  of  5.85  mS 
at  21°C.  A  higher  pH  or  lower  conductivity  results  in  loss  of  yield 
(increased  binding  of  IgG).  A  lower  pH  or  higher  conductivity 
results  in  the  elution  of  non-IgG  proteins  such  as  transferrin. 
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Load,  gm  protein/gm  Sephadex  -  The  next  moBt  critical  factor  is 
the  ratio  of  total  protein  applied  to  the  given  grams  of  QAE  in 
the  column.  If  the  quantity  of  protein  that  must  be  retained  by 
the  column  exceeds  the  number  of  available  binding  sites,  the 
column  becomes  overloaded  and  contamination  of  the  IgG  results. 

The  first  protein  to  break  through  under  these  conditions  is 
alpha-2-macroglobulin.  To  avoid  this,  a  maximum  safe  load  is 
determined  by  experimentation  and  a  load  as  close  to  this  as 
possible  is  applied.  Lower  loads  represent  an  inefficient  use  of 
materials.  Loads  used  for  the  IVBG  lots  were  restricted  to  a 
narrow  range  with  maximum  of  1.50  of  IVBG-2A  and  a  minimum  of  1.37 
on  IVBG-2B. 

Protein  Concentration  -  The  concentration  of  the  protein  applied 
to  the  column  is  also  important.  For  a  given  load,  a  low  con¬ 
centration  will  require  much  larger  volumes  of  protein  to  be 
applied.  This  increased  volume  may  result  in  the  elution  of 
weakly  bound  contaminants  from  the  resin.  Also,  higher  applied 
concentration  yields  high  IgG  concentrations  in  the  effluent 
resulting  in  less  potential  for  low  concentration  induced  dena- 
turation.  Protein  concentrations  above  80  mg/ml  are  too  viscous 
for  proper  flow  through  the  column.  The  concentration  of  protein 
applied  to  the  column  was  carefully  controlled  to  80  mg/ml  + 

0.7  mg/ml. 

Table  VI  shows  the  actual  protein  concentration,  total  volume  and 
ratio  of  protein  to  QAE  or  load  applied  to  the  column. 


.a  •_*  ‘ 


IgG  and  IgG  Subclass  Yields  -  Table  VI  shows  the  yield  of  total 
IgG  through  the  QAG  procedure  in  grams,  as  percent  of  the  IgG 
applied,  and  as  a  percent  of  total  protein  applied.  An  average  of 
74.4%  of  the  IgG  applied  to  the  QAE  was  recovered.  The  total  IgG 
and  IgG  subclass  yields  for  the  main  fractionation  steps  are  shown 
in  Table  V.  The  final  product  yields  of  total  IgG  were  51%,  54%, 
48%,  and  34%  for  lots  IVBG-1A.  IVBG-1B,  IVBG-2A,  and  IVBG-2B 
respectively.  Final  product  samples  for  IVBG-2A  and  IVBG-2B  have 
been  resubmitted  for  subclass  determinations.  The  average 
subclass  yields  for  IVBG-1A  and  IVBG-1B  were  67.5%  for  IgGj,  42.0% 
for  IgG2>  1.2%  for  IgG3,  and  5.0%  for  IgG^.  As  previously 
discussed  the  low  yield  of  IgG3  is  due  to  Si02  treatment.  The  low 
yield  of  IgG^  is  a  result  of  the  QAE  procedure  which  reduced  IgG^ 
concentrations  an  average  of  94.3%. 

Removal  of  Some  Plasma  Proteins  -  It  should  be  noted  that  the 
pre-QAE  plasma  is  always  concentrated  to  80  mg  protein/ml  as  com¬ 
pared  to  50  mg  protein/ml  of  the  starting  plasma  pool.  The  con¬ 
centration  of  transferrin,  alpha-2-macroglobulin,  hemopexin  and 
albumin  were  measured  by  RID  in  the  three  major  fractionation 
samples  from  each  lot  (Table  VII ).  It  can  be  seen  that  hemopexin 
is  reduced  by  Si02  treatment  of  the  plasma  pool.  The  other  three 
proteins  albumin,  alpha-2-macroglobulin  and  transferrin  are  not 
reduced  significantly  by  SiC>2»  However,  following  column  chroma¬ 
tography,  hemopexin,  alpha-2-macroglobulin,  and  albumin  were  not 


detectable. 


Removal  of  IgA  and  IgM  (Table  VII)  -  The  concentration  of  IgA, 


IgM,  and  IgG  were  measured  in  the  fractionation  samples  from  all 
four  lots  by  radial  immunodiffusion.  This  data  is  shown  in 
Table  VII.  By  comparison  to  IgG  and  IgA,  IgM  is  selectively  removed 
in  part  by  Si02.  This  is  demonstrated  by  the  fact  that  the  IgM 
concentration  does  not  increase  from  the  plasma  pool  sample  to  the 
pre-QAE  sample  as  does  the  total  protein  and  the  IgG  and  IgA. 

Pre-QAE  IgM  concentrations  average  0.81  mg/ml.  After  the  QAE  proce¬ 
dure,  IgM  was  not  detectable  by  RID.  IgA,  with  an  average  pre-QAE 
concentration  of  2.5  mg/ml,  appeared  to  be  removed  only  by  QAE. 
However,  the  IgA  radial  immunodiffusion  plates  showed  an  unquan- 
tifiable  precipitin  ring  for  the  final  product  samples  of  all  four 
lots.  This  may  represent  the  presence  of  IgA.  Caution  should  be 
taken  when  IVBG  is  administered  to  individuals  known  to  be  deficient 
in  IgA. 

Total  Fractionation  Yields  (Table  IX) 

Historically,  fractionation  of  human  plasma  by  the  Cohn  Method  has 
yielded  less  than  402  of  the  IgG  in  the  starting  plasma.  The  pri¬ 
mary  purpose  in  using  an  ion  exchange  chromatography  separation  in 
this  project  was  to  produce  an  undenatured,  native,  intact  IgG  with 
high  purity,  good  yields  and  which  is  suitable  and  safe  for  intrave¬ 
nous  administration.  Our  method  of  fractionation  has  yielded  at 
least  50%  recovery  of  total  IgG.  The  volumes,  grams  of  total  pro¬ 
tein,  percent  yield,  IgG  grams,  and  percent  yields  from  all  four 
lots  are  summarized  in  Table  IV  end  Figure  2. 


v. v. 
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The  actual  bottled  yields  of  final  product  were  609.8  grams  for 
IVBG-lA,  614.5  grams  for  IVBG-1B  (rebottled),  622.7  grams  for 
IVBG-2A,  and  454.2  grams  for  IVBG-2B  for  a  total  of  ;  ,301.2  grams. 

These  values  are  based  on  biuret  determination.  The  total  percent 
yields  range  from  5.46%  (grams  of  final  product  bottled  per  100 
grams  of  plasma  pool)  protein  for  IVBG-1A  to  3.83%  for  IVBG-2B. 

The  volumes,  grams  of  total  protein,  total  protein  percent  yield, 

IgG  grams  and  percent  yields  for  fractionation  samples  from  all  four 
lots  are  shown  in  Table  IX.  IgG  determinations  were  done  by  RID 
and  are  less  accurate  than  the  biuret  determinations. 

Figure  2  presents  the  percent  yield  for  total  protein  and  IgG  in 
ionic  graph  form.  The  final  product  values  are  not  adjusted  for  the 
IVBG-lA  and  IVBG-lB  bottling  changes. 


II.  Results 

B.  Bottling,  Storage,  Labels  and  Shipping 
1.  Bottling  Yields 

The  bottling  dates  and  yields  for  each  lot  are  indicated  on  Table  X, 
Final  Product  Summary  I.  All  filter  types  and  lot  numbers  are  also 
shown.  These  lots  were  bottled  between  October  1981  and 


August  1982.  The  protein  concentration  of  the  final  products  was 
103-108  mg/ml.  The  total  number  of  grams  bottled  was:  IVBG-lA, 
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609.76,  1VBG-1B,  614.5  (rebottled),  IVBG-2A,  622.65,  and  IVBG-2B, 
454.23.  The  total  number  of  vials  and  grams  that  were  available  for 
shipment  to  USAMRIID  equals  the  total  number  of  vials  and  grams 
bottled  less  the  amount  of  product  required  for  testing  purposes. 

Lot  IVBG-1B  was  rebottled  seven  months  after  the  initial  bottling. 
This  was  done  because  protein  had  dried  during  4°C  storage  alor.R  t-he 
inside  flange  of  the  red  rubber  stopper.  The  vials  were  opened,  the 
contents  pooled,  high  speed  spun  and  rebottled.  This  resulted  in  a 
90  gram  loss  of  product  available  for  shipment  due  to  handling  and 
testing. 

2.  Storage,  Labelling  and  Shipping 

As  soon  as  the  antitoxin  neutralizing  activity  had  been  determined 
and  reported,  the  custom  labels  were  printed  with  the  appropriately 
reduced  titers.  The  vials  were  then  labelled  and  transferred  from 
4°C  to  -20°C  storage. 

IVBG-1A  was  stored  at  4°C  for  6  months  before  being  labelled  and 
frozen. 

J.VBG-1B  was  stored  at  4°C  for  7  months.  It  was  then  rebottled, 
labelled  and  frozen  immediately. 

IVBG-2A  and  2B  were  stored  at  4°C  for  4  and  5  months  respectively 
before  being  labelled  and  frozen. 


4\  *- 
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Within  two  weeks  of  labelling  and  freezing,  the  final  products  were 
shipped  to  Fort  Detrick.  The  shipment  dates  and  number  of  vials  and 
grams  shipped  per  lot  are  listed  below: 


IVBG-lA 

April  5,  1982 

537  vials 

553.11  grams 

IVBG-lB 

Jan.  4,  1983 

535  vials 

577.8  grams 

IVBG-2A 

Nov.  23,  1982 

536  vials 

562.8  grams 

IVBG-2B 

Jan.  11,  1583 

389  vials 

400.67  grams 

NW 
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These  materials  were  packed  on  dry  ice  in  Styrofoam  boxes  and 
shipped  air,  overnight  service.  As  soon  as  they  were  received  at 
Fort  Detrick  the  materials  were  placed  in  the  USAMRIID  freezer  faci¬ 
lity. 


II.  Results 

C.  Testing 


Several  vials  of  each  final  product  were  used  for  testing  purposes 
(34-56  vials,  Table  X). 


As  required  by  the  FDA-CFR  Part  610,  Subpart  B,  General  Provisions,  the 
following  various  tests  were  performed  using  these  vials  to  determine  the 
sterility,  safety,  purity  and  potency  of  the  final  products.  All  the 
quality  assurance  and  potency  testing  was  completed  before  the  products 
were  shipped  to  USAMRIID.  The  results  of  these  tests  are  shown  on  table 
XI,  Final  Product  Summary  II,  Testing. 
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Sterility  (Appendix  D  1-4) 


No  growth  appeared  in  any  of  the  tzhioglycollate  or  soybean  casein 
digest  medium  cultures.  Therefore;,  all  four  lots  were  determined  to 
be  sterile.  Reports  submitted  by  Economics  Laboratories,  Inc.  are 
found  in  Appendix  D-l (IVBG-1A) ,  D-2(IVBG-1B) ,  D-3 (IVBG-2A) ,  and 
D-4(1VBG-2B) . 

Pyrogen  Test  (Appendix  E  1-4) 

As  shown  in  Figures  3,  4,  5  and  6,  no  rabbit's  temperature  deviated 
0.6°C  or  higher  above  its  respective  baseline  temperature  (as  indi¬ 
cated  by  the  dotted  line  of  the  bar  graph).  Therefore,  these  lots 
passed  the  test  for  the  absence  of  pyrogenic  substances.  A  copy  of 
the  pyrogen  testing  data  sheets  for  each  lot  is  found  in  Appendix 

* 

E-l(l-4),  E-2(IVBG-1B),  E-3 (IVBG-2A) ,  and  E-4(IVBG-2B) . 
r’enti  .  al  Safety  Test  (Appendix  F  1-4) 

I 

All  animals  injected  with  these  final  products  remained  overtly 
healthy  and  gained  weight  during  the  test  period.  Each  lot  passed 
the  requirements  of  the  General  Safety  Test.  Pre-test  and  post-test  ( 

injection  weights  of  the  animals  used  for  these  tests  are  shown  in 
Appendix  F-l (IVBG-1A) ,  F-2 ( IVBG-lB) ,  F-3 (I VBG-2A) ,  and  F-4 (IVBG-2B) . 

I 
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Hepatitis  (Appendix  G  1-4) 


Results  of  the  hepatitis  B  surface  antigen/antibody  testing  are 
shown  in  Appendices  G-l (IVBG-1A) ,  G-2(lVBG-lB) ,  G-3 (IVBG-2A)  ,  and 
G-4(1VBG-2B) .  All  four  lots  were  negative  for  hepatitis  antigen  and 
positive  for  anti-hepatitis  antibody. 

Neutralizing  activity  (Table  XII;  Figure  2) 

The  neutralizing  activity  (IU/ml)  and  specific  activity  (IU/mg)  for 
each  lot  are  seen  on  Table  XII.  All  four  lots  were  tested  for  acti¬ 
vity  against  toxin  types  A,  B,  C,  D  and  E. 

IVBG-1A  and  IVBG-lB  were  fractionated  from  the  Michigan  plasma.  The 
antitoxin  titers  of  these  two  lots  are  quite  similar,  within  the 
accepted  range  of  the  test  procedure. 

IVBG-2A  and  IVBG-2B  were  fractionated  from  the  USAMRIID  plasma.  The 
IVBG-2B  titers  are  lower  than  the  IVBG-2A  titers.  This  difference 
again  is  probably  due  to  the  method  used  for  titering  and  is  not  due 
to  any  biological  or  physical  differences  in  these  two  products. 

The  titers  were  reduced  by  10%  and  reported  as  greater  than  the 
"adjusted”  titer  on  the  final  product  labels  (i.e.  actual  titer: 
224.0,  labelled  titer:  >201).  This  reduction  was  done  for  all 
antitoxin  titers  for  all  four  lots.  (Compare  the  titers,  Table  XII 
with  those  printed  on  the  final  product  labels,  Figure  1.) 


Immunoelectrophoresis  (IEP) 


Photographs  of  the  stained  immunoelectrophoresis  agarose  films  are 
shown  in  Figures  7,  8,  9,  and  10.  All  the  final  products  were  pre¬ 
cipitated  with  anti-whole  human  serum.  Lot  number  IVBG-2A  was 
tested  against  anti-human  total  immunoglobulin  and  anti-human  IgG  in 
addition  to  anti-whole  human  serum. 

The  precipitation  bands  of  all  the  final  products  are  characteristic 
for  intact  human  IgG.  A  minor  arc  appears  in  each  final  product 
precipitated  with  anti-whole  human  serum.  This  protein,  determined 
by  RID  and  IEP  to  be  IgA,  constitutes  less  than  0.2 %  of  the  total 
final  product  protein  (see  Table  VIII  and  Figure  11).  These  pre¬ 
parations  are  to  be  used  with  caution  in  those  individuals  know  to 
have  an  IgA  deficiency. 

Analytical  and  Preparative  Isoelectric  Focusing  (IEF) 

Analytical  -  Focusing  is  used  to  determine  the  isoelectric  range  and 
the  purity  of  proteins.  Samples  of  the  final  products  are  analyti¬ 
cally  focused  in  a  pH  gradient  from  3.5  to  9.5.  Human  plasma  con¬ 
tains  four  subclasses  of  IgG.  IgGj,  60%  of  the  total  IgG,  is  the 
predominant  subclass  followed  by  29.5%  IgG2,  7.5%  IgG3  and  3%  IgG^ 
(7).  The  normal  isoelectric  range  (8)  for  IgG]  is  plj  6.6  to  9.5. 
IgG£  and  IgG3  also  focus  i"  the  basic  ranges  from  pH  6.4  to  8.3  and 
pH  8.2  to  9.0,  respectively.  The  most  acidic  immunoglobulin,  IgG^, 
focuses  in  the  range  from  pH  5.7  to  6.2.  All  final  products  exhibit 
a  normal  isoelectric  range  from  pH  5.6  to  pH  9.2  (Figures  12-15). 


For  comparison,  the  more  acidic  banding  pattern  indicative  of 
fragmentation  is  illustrated  (Figure  12)  with  fresh  and  aged  commer¬ 
cial  gamma  globulins  focused  along  with  IVBG-1A.  No  fragmentation 
has  occurred  during  fractionation  and  purification  of  the  antibotu- 
linal  toxin  final  products. 

Preparative  -  Preparative  flatbed  isoelectric  focusing  of  IVBG-1A 
final  product  (Figure  16)  shows  the  isoelectric  range  to  be  from 
pH  5.6  to  9.2.  The  immunoglobulins  are  not  evenly  distributed  over 
the  entire  pH  range  but  exist  in  varying  concentrations,  as  deter¬ 
mined  by  absorbance  at  280  nm  dependent  upon  isoelectric  point.  The 
highest  concentration  of  immunoglobulins  is  found  at  pH  7.75.  As 
the  pH  becomes  more  basic,  the  immunoglobulin  concentration  drops 
until  pH  8.2  when  it  rises  again  to  a  second,  smaller  peak  at  pH  8.4 
to  8.6. 

If  all  the  immunog'  -bulins  were  capable  of  neutralizing  Type  A  botu- 
linal  toxin,  we  would  expect  to  see  a  graph  of  neutralizing  activity 
that  could  be  superimposed  upon  a  graph  of  immunoglobulin  con¬ 
centration.  This,  however,  is  not  the  case.  There  is  toxin  neutra¬ 
lizing  antibody  from  pH  7.1  to  9.1  with  a  maximal  activity  at 
pH  8.75.  Thus,  the  major  neutralizing  antibody  is  located  in  a 
basic  isoelectric  range  corresponding  to  the  isoelectric  range  of 
IgGj,  the  most  predominant  subclass  of  IgG.  Immunoglobulins  with 
isoelectric  points  below  pH  7.2  do  not  have  measurable  neutralizing 
activity  against  Type  A  botulinal  toxin. 


HPLEC 


Size  exclusion  chromatography  is  used  to  separate  proteins  by  mole¬ 
cular  weight.  Specifically,  it  is  used  to  determine  the  amount  of 
high  molecular  weight  aggregates,  trimers,  dimers,  and  monomers  of 
IgG,  and  low  molecular  weight  fragments  in  our  IVBG  final  products. 

The  HPLEC  elutiv,  •  y'roixles  of  IVBG-1A,  IB,  2A  and  2B  final  products 
(Figure  17,i  show  one  large  peak  (average  95.4%  of  the  total  area)  at 
155,000  daltons,  dimers  of  IgG  (average  3.9%)  and  aggregates 
(average  0.7%).  There  are  no  low  molecular  weight  fragments  in 
these  final  products.  Thus,  all  final  products  possess  the  struc¬ 
tural  characteristics  of  luman  IgG,  i.e.  MW  155,000,  and  contain 
less  than  1%  aggregates  d  less  than  1%  fragments  (Table  XI). 

IgG  Subclasses 

The  subclass  composition  of  IVBG-lA  and  IVBG-2B  final  products 
(Table  XIII )  is  compared  to  the  subclass  composition  of  two  commer¬ 
cial  IgG  preparations.  Our  preparations  consist  mainly  of  IgGj 
(88.9%  average)  and  IgG£  (10.5%  average)  which  accounts  for  99.4%  of 
the  total  IgG  (Tables  XI  and  XIII).  The  Cutter  I.V.  IgG  is  devoid 
of  measurable  IgG^.  The  Hyland  ISG,  prepared  by  cold  EtOH  precipi¬ 
tation,  contains  lower  levels  of  IgGj  and  IgG£  and  contains  a  higher 
level  of  IgG3  than  IVBG-lA,  IVBG-lB  or  the  Cutter  I.V.  IgG. 

Subclass  composition  on  IVBG-2A  and  IVBG-2B  are  being  repeated  for 
reasons  described  earlier.  Upon  completion,  these  results  will  be 


sent  to  USAMRIID. 
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10.  Plasminogen 

There  is  no  detectable  level  of  plasminogen  in  the  IVBG  final  pro¬ 
duct  samples  (Table  XIV).  Plasmin  contamination  is  undesirable, 
since  it  leads  to  a  type  of  instability  where  functional  antibody 
molecules  are  rendered  inactive.  However,  its  role  in  the  product 
of  adverse  reactions  has  not  been  documented. 

11.  Prekallikrein 

Although  native  IgG  produced  in  this  laboratory  is  free  of  pre¬ 
kallikrein  activator  (PKA)  (performed  by  Dr.  Barbara  Alving,  Bureau 
of  Biologies),  our  native  IgG  does  contain  measurable  amounts  of 
prekallikrein  (Table  XIV)  which  can  be  activated  to  kallikrein  upon 
the  addition  of  activator  (Factor  Xlla  +  HMW  kininogen).  The  most 
efficient  removal  of  prekallikrein  was  accomplished  in  lots  IVBG-1A, 
IVBG-2A  and  IVBG-2B.  At  present,  there  is  no  evidence  to  suggest 
any  deleterious  effects  of  trace  amounts  of  prekallikrein  in  human 
I.V.  gamma  globulin  preparations. 

12.  Circulatory  Half-Life 

Six  rabbits  were  intravenously  injected  with  100  mg/kg  of  IVBG-1A 
final  product.  They  were  bled  5  minutes  after  injection.  These 
samples  were  used  to  determine  the  initial  level  of  circulating 
human  IgG.  Each  rabbit  was  subsequently  bled  at  4,  8,  24,  48,  96, 
144,  192  and  240  hours.  The  circulating  human  IgG  in  these  samples 
was  quantitated  by  the  Mancini  radial  immunodiffusion  assay.  A  two- 


elope  clearance  curve  was  obtained  from  the  two-phase  elimination 
from  circulation  in  the  hours  following  injection  of  the  product. 
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During  the  first  24  hour  period  the  initial  circulating  level  was 
reduced  by  502  in  approximately  6  hours.  Following  this  equilibra¬ 
tion  phase  the  circulatory  half-life  was  calculated  to  70  hours. 

The  half-life  studies,  done  by  USAMRIID  to  determine  the  circulating 
neutralizing  activity  are  in  progress.  These  results  will  be  sub¬ 
mitted  to  USAMRIID  upon  completion. 

13.  Anti-Complementary  Activity 

Anti-complementary  activity — in  progress.  The  results  will  be  sub¬ 
mitted  to  USAMRIID  upon  completion. 

14.  Limited  Proteolysis  by  Plasmin 


Samples  of  IVBG-1A,  IVBG-lB  and  a  commercial  I.K.  gamma  globulin 
prepared  by  cold  EtOH  fractionation  were  subjected  to  proteolysis  by 
the  enzyme  plasmin  for  8  hours  at  37°C  (Figure  18).  As  a 
control,  the  same  samples  were  incubated  for  8  hours  at  37°C  without 
plasmin.  HPLEC  analysis  of  this  experiment  shows  that  the  IVBG 
samples  were  less  susceptable  to  plasmin  degradation  than  the  com¬ 
mercial  IgG  preparations.  The  IVBG-1A  and  IVBG-lB  samples  were 
degraded  to  562  IgG  monomers,  172  F(ab')2,  and  262  Fc  fragments.  In 
contrast,  the  commercial  I.M.  gamma  globulins  were  degraded  to  412 
IgG  monomers,  212  F(ab')2,  and  322  Fc  fragments  (Table  XV). 


D.  Shelf  Life  Study 

The  six  month  shelf-life  study  of  samples  stored  at  37°C,  room  temperature 
(RT)  4°C  and  -20°C  have  been  analyzed  from  all  four  lots.  The  results  are 
as  follows: 

1.  Neutralizing  Activity 

The  results  of  the  in  vivo  toxin  neutralizing  activity  testing 
of  samples  stored  for  6  months  are  shown  in  Table  XVI. 

Some  decreases  (and  increases)  in  titer  are  shown  as  compared  to  the 
fresh  material,  but  these  are  within  the  standard  error  of  the 
testing  procedure.  Therefore,  the  titers  have  not  significantly 
changed  under  any  of  the  storage  conditions. 

2.  Immunoelectrophoresis  (IEP) 

When  precipitated  against  anti-whole  human  serum,  the  immuno- 
electrophoretic  mobility  of  the  samples  stored  for  six  months 
remains  unchanged  from  the  freshly  bottled  material.  Only  the 
samples  stored  at  37°C  show  any  splitting  of  the  gamma  globulin  pre¬ 
cipitation  arc.  Thf  other  samples  have  remained  intact.  Compare 
Figures  7-10  (fresh)  and  19-22  (stored  6  months). 


Isoelectric  Focusing  (IEF) 


Duplicated  aliquots  of  each  stored  sample  were  isoelectric  focused 
under  the  same  conditions  the  fresh  samples  were  tested.  In  com¬ 
parison,  the  pi  range  of  the  fresh  and  stored  samples  are  identical 
(5. 6-9. 2).  See  Figures  12-15  (fresh)  and  compare  with  Figures  23-26 
(stored) . 

HPLEC 

Sterile  samples  of  each  IVBG  lot  stored  for  6  months  at  37°C,  room 
temperature,  4°C  and  -20°C  are  monitored  by  HPLEC  for  changes  in 
concentration  of  IgG  aggregates,  trimers,  dimers,  monomers  and 
fragments.  The  results  of  the  6  month  storage  study  are  presented 
in  Figures  28-30  and  Table  XVII.  There  are  no  detectable  changes  in 
samples  stored  at  room  temperature,  4°C  and  -20°C.  However,  at  37°C 
there  is  a  decrease  in  monomers  from  over  90%  to  between  38-73%. 

This  reduction  in  monomers  is  reflected  by  increases  in  aggregates 
from  less  than  1%  to  between  1  -  16%  and  an  increase  in  dimers  and 
trimers  from  around  4%  to  between  22  -  45%.  These  changes  are  not 
seen  earlier  than  2  months  and  may  reflect  the  presence  of  low  con¬ 
centrations  of  cathepsins  in  the  IgG  preparation.  Studies  are  in 
progress  to  shed  light  on  these  changes. 


Plasminogen 


There  is  no  detectable  level  of  plasminogen  in  IVBG-1A,  IB,  2A  and 
2B  final  products  stored  for  six  months  at  -20°C,  4°C,  room  tem¬ 
perature,  and  37°C  (Table  XIV). 

Prekallikrein 

Prekallikrein  is  present  in  IVBG-1A,  IB,  2A  and  2B  final  products 
stored  for  six  months  at  -20°C,  4cC,  room  temperature,  and  37°C 
(Table  XIV).  Prekallikrein  levels  range  from  0.4  ;ag/ml  (2B, 

6  months,  37°C)  to  9.7  jig/ml  (1A,  6  months,  -20°C).  The  level  of 
prekallikrein  in  samples  stored  at  -20°C  is  generally  higher  than 


Discussion 


The  purpose  of  fractionating  hyperimmune,  human,  botulinal  plasma  is  to  isolate 
the  specific  botulinal  toxin  neutralizing  antibodies,  concentrate  them  in  a  state 
and  purity  so  that  their  biological  activity  will  be  undiminished  (stable)  on 
long-term  storage  (years),  safe  for  intravenous  administration  and  possess  the 
circulatory  half-life  and  distribution  of  native  undenatured  plasma 
(immunoglobulins) . 

The  ion  exchange  method  of  protein  separation  and  purification  is  based  on  the 
isoelectric  point  of  the  proteins.  However,  immunoglobulins  are  heterologous, 
complex,  bifunctional  proteins  that  differ  from  other  plasma  proteins  in  that  they 
have  broad  isoelectric  regions  rather  than  narrow  isoelectric  points — a  reflection 
of  their  extreme  molecular  heterogeneity.  In  hyperimmunized  individuals  the  pre¬ 
dominate  toxin  neutralizing  activity  will  be  found  in  the  molecules  of  the 
immunoglobulin  IgG  class — which  also  makes  up  70-80%  of  the  total  humoral 
antibodies  in  plasma.  Therefore,  any  method  to  isolate  specific  neutralizing 
activity  must  isolate  IgG  rather  than  IgA  or  IgM. 

Further,  IgG  is  composed  of  four  subclasses — IgG},  IgG2>  IgG3,  and  IgG4.  There  is 
evidence  that  antibodies  to  certain  groups  or  types  of  antigens  can  be  limited  to 
one  or  some  of  the  IgG  subclasses  (7):  antibodies  to  carbohydrates,  dextran,  or 
levan  have  been  found  to  be  exclusively  IgG2  molecules,  antibodies  to  antigens  on 
cell  membranes  are  predominantly  IgGj  and  IgG3»  auto-antibodies  to  the  blood 
clotting  factor  VIII  were  identified  as  IgG^  Antiplatelet  antibodies  in  autoim¬ 
mune  thrombocytopenia  purpura  appear  to  be  restricted  to  IgG3«  Recently,  it  has 
been  reported  that  over  902  of  the  herpes  virus  neutralizing  antibodies  were  also 
located  in  the  IgG3  subclass  (9). 


During  the  past  15  years,  a  number  of  observations  have  shown  that  in  addition  to 
their  antibody  properties,  IgG  molecules  possess  biologic  activities  that  are 
cont.o.led  by  their*  constant  portion,  tnc  F  c  f  l  ug  iia-  a  t  •  i ho s e  acttvrti.es  may  be 
common  to  all  four  of  the  IgG  subclasses  or  restricted  to  some,  IgG  is  the  only 
immunoglobulin  class  transmitted  from  the  mother  to  the  fetus.  It  seems  that  all 
four  IgG  subclasse  ■  are  transported  across  the  placenta.  Complement  activation  by 
the  classic  pathway  is  accomplished  more  readily  by  IgG3  and  IgGj,  than  by  IgG2 
whereas  IgG^  does  not  activate  at  all.  These  differences  are  not  seen  in  the 
alternate  pathway.  Also,  IgGj  and  IgG3  are  the  only  subclasses  that  can  induce 
phagocytosis  of  opsonized  antigenic  particles.  IgG3  does  not  react  with  staphylo¬ 
coccal  protein  A.  Finally,  and  of  great  importance,  IgG  subclasses  differ  in 
their  metabolic  behavior:  IgG3  is  more  rapidly  catabolized  than  the  other  three 
subclasses.  Its  biological  half-life  is  7  days  compared  to  21  days  for  IgG]., 

IgG2,  and  IgG^ 

While  the  IgG  subclasses  have  broad  isoelectric  ranges,  each  subclass  does  have  a 
relatively  restricted  region.  Thus,  IgG^  has  the  most  acidic  region  pi  5. 7-6. 2, 

IgG],  the  most  basic,  pi  6. 6-9. 5,  IgG2,  6.4-8. 3  and  IgG3,  8. 2-9.0. 

The  relative  concentration  is  of  great  practical  importance  since  IgG;  represents 
60%  of  total  IgG,  IgG2  30%,  IgG3  5%  and  IgG4  2.0%. 

Ideally,  the  most  effective  I.V.  human,  hyperimmune,  antibotulinal  IgG  should  contain 
only  the  neutralizing  IgG  molecules.  However,  such  a  preparation  could  only  be 
prepared  by  an  affinity  method  involving  immobilized  botulinal  toxins  which  are 
reacted  with  hyperimmune  plasma  and  the  specific  antitoxin  molecules  eluted  and 
concentrated.  We  have  developed  methods  of  isolating  the  predominant  neutralizing 
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activity  which  is  reflected  by  a  high  specific  toxin  neutralizing  activity.  To 
demonstrate  this  fact  we  have  performed  preparative  isoelectric  focusing  of 
hyperimmune,  human  plasma  eluting  proteins  from  each  segment  and  determining  the 
toxin  neutralizing  activity  to  botulinal  toxin  A.  These  studies  show  that  the 
major  neutralizing  activity  was  located  in  the  most  basic  pi  region  which  al '.o 
corresponds  to  the  pi  region  of  the  IgGj  subclass.  Therefore,  the  ion  exchange 
method  should  isolate  and  concentrate  this  relatively  high  pi  region  protein. 

This  is  documented  in  Figure  16  which  demonstrates  that  for  the  IVBG-1A  final  pro¬ 
duct,  the  regio  of  highest  toxin  neutralizing  activity  is  comparable  to  the  highest 
pi  region  of  the  hyperimmune  plasma  where  the  predominate  neutralizing  activity 
was  located. 

While  IgG3  is  removed  in  our  method  by  SiC>2  treatment,  the  toxin  neutralizing 
activity  is  not  appreciably  affected.  This  loss  of  the  subclass  should  have 
little  effect  since  IgG3  has  the  shortest  half-life,  7  days  vs.  21  days  for  IgGj, 
and  is  lowest  in  relative  concentrations,  5%  vs.  60%  of  IgGj. 
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FRACTIONATION  FLOW  SHEET  1 


Plasma  Pool 

4 

Addition  of  Silicon  Dioxide,  SiO^ 

4 

Removal  of  Si02  By  Centrifugation 

4 

Sterilization  By  0.2  Micron  Filtration 

4 

Concentration  and  Buffer  Exchange 
4 

Anion  Exchange  Chromatography 

4 

Concentration  aind  Buffer  Exchange 

4 

Sterilization  By  0.2  Micron  Filtration 

4 


Bottling 
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Fractionation  Flow  Sheet  #2 


(IVBG-1A) 

Liters 


Protein' 
mg/ ml 


Protein 

grams 


IgG 

grams 


Plasma  Pool  230  .0  A8.7  11,190  1325 

4 

SiO^  Adsorption  28  gm/1 
4 

SiO  Removal:  Low-speed  spin, 

1  Sorvall  RC3,  A°C,  6975  g. 

4 

SiO^  Removal:  High-speed  spin, 

Beckman  J2-21,  Continuous-flow, 

A°C,  32,260  g. 

4 

0.2  Micron  Sterile  Filtration  302.3  27.0  8,1A9  1026 

4 

Concentration  and  Diaf iltration 
4 

Warm-up  High-speed  Spin:  96.89  79.8  7,73A  97 A 

Beckman  J2-21,  Continuous-flow, 

20°C,  32,260  g. 

4 

QAE  1:  A-50  Sephadex,  pH  6.6, 

Cond.  5.85mS  at  21°C 

Y 

Concentration 

4 

QAE  2:  A-50  Sephadex,  pH  6.6,  52.0  1A.A  7A7.0  735.8 

,  Cond.  5.85mS  at  21°C 

Concentration  and  Diaf iltration 
4 


'-VS 

l-\‘» 

O.v 

'•Vs 

•si 


Warm-up  High-speed  Spin:  6.039  103.1  622.62  613.2 

Beckman  J2-21,  Continuous-flow, 

20°C,  39,260  g. 

4 

Pre-filtration  0.2  Micron 
4 

Sterile  Filtration/Bottling  5.92  103.1  609.76  600.9 


The  protein  solutions  are  stored  in  two  or  more  containers  at  each  stage.  The 
protein  concentration  shown  is  an  average  of  the  biuret  determination  for  each 
container. 
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Fractionation  Flow  Sheet #3 
(IVBG-1B) 


Protein  Protein  IgG 
Liters  mg /ml  grams  grams 

Plasma  Pool  233.4  51.3  11,985  1211 

+ 

SiO^  Adsorption  30  gm/1 

i 

SiO  Removal:  Low-speed  spin, 

1  Sorvall  RC3 ,  4°C,  6975  g. 

SiO^  Removal:  High-speed  spin, 

Beckman  J2-21,  Continuous-flow, 

4°C,  32,260  g. 

+ 

0.2  Micron  Sterile  Filtration  209.0  39.5  8,244  960 

4- 

Concentration. and  Diaf iltration 

+ 

Warm-up  High-speed  Spin:  .  98.43  79.3  7,805  909 

Beckman  J2-21,  Continuous-flow, 

20°C,  32,260  g. 

+ 

QAE  1:  A-50  Sephadex,  pH  6.6,  112.0  6.1  683.0  687 

Cond.5.85mS  at  21 °C 
4 

Concentration  and  Diaf iltration 

4- 

Addition  of  IVBG-1A  Remnants 

+ 

Warm-up  High-speed  Spin:  6.75  108.0  729.0  732.0 

Beckman  J2-21,  Continuous-flow, 

20°C,  39,260  g. 

4- 

Pre-f iltration  0.2  Micron 


+ 


Sterile  Filtration/Bottling 

6.74 

108.0 

727.92 

731.9 

T 

Second  Bottling 

5.69 

108.0 

614.52 

617.9 

+ 

The  protein  solutions  are  stored 

in  two  or  more 

containers 

at  each  stage. 

The 

protein  concentration  shown  is  an  average  of  the  biuret  determination  for  each 
container. 


Fractionation  Flow  Sheet #4 


(IVBG-2A) 


Liters 


Protein 
mg /ml 


Plasma  Pool  234.3  50.8 

4 

SiO^  Adsorption  30  gm/1 
4 

SiO.  Removal:  Low-speed  spin, 

1  Sorvall  RC3,  4°C,  6975  g. 

4 

SiO^  Removal:  High-speed  spin, 

Beckman  J2-21,  Continuous-flow, 

4°C,  32,260  g. 

4 

0.2  Micron  Sterile  Filtration  239.0  34.4 

4 


Concentration  and  Diaf iltration 
4 

Warm-up  High-speed  Spin:  98.60  80.1 

Beckman  J2-21,  Continuous-flow, 

20°C ,  32,260  g. 

4 


QAE  1:  A-50  Sephadex,  pH  6.6  104.0  6.4 

Cond.  5.85mS  at  21°C 
4 

Concentration  and  Diaf iltration 
4 

Warm-up  High-speed  Spin:  5.92  105.0 

Beckman  J2-21,  Continuous-flow, 

20°C ,  39,260  g. 

4 


Pre-filtration  0.2  Micron 
4 

Sterile  Filtration/Bottling  5.93  105.0 


Protein 

grams 

11,903 


8,225.0 


7,902.0 


661.0 


621.60 


622.65 


IgG 

grams 

1361 


951,- 


914.1 

696.' 


655. 


656 .  i 


The  protein  solutions  are  stored  in  two  or  more  containers  at  each  stage.  The 
protein  concentration  shown  is  an  average  of  the  biuret  determination  for  each 
container . 


Fractionation  Flow  Sheet  #5 
(IVBG-2B) 


T 

Protein"  Protein  IgG 
Liters  mg /ml  grams  grams 

Plasma  Pool  240.0  49.4  11,844  1313 

4- 

SiO^  Adsorption  30  gm/1 

+ 

SiO  Removal:  Low-speed  spin, 

Z  Sorvall  RC3 ,  4°C,  6973  g. 

i 

SiO^  Removal:  High-speed  spin, 

Beckman  J2-21,  Continuous-flow, 

4°C,  32,260  g. 

+ 

0.2  Micron  Sterile  Filtration  232.2  32.7  7,596  728 

Concentration  .and  Diaf iltration 

+ 

Warm-up  High-speed  Spin:  89~.97  80.0  7,199.0  690.0 

Beckman  J2-21,  Continuous-flow, 

20°C,  32,260  g. 

+ 

QAE  1:  A-50  Sephadex,  pH  6.6,  96.0  5.3  506.00  499.0 

Cond.  5.85mS  at  21°C 

+ 

Concentration  and  Diaf iltration 
4- 

Warm-up  High-speed  Spin:  4.75  103.0'  489.25  480.7 

Beckman  J2-21,  Continuous-flow, 

20°C,  39,260  g. 

4 

Pre-filtration  0.2  Micron 
4 

Sterile  Filtration/Bottling  4.41  103.0  452.47  448.0 

The  protein  solutions  are  stored  in  two  or  more  containers  at  each  stage.  The 
protein  concentration  shown  is  an  average  of  the  biuret  determination  for  each 
container. 
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Table  I 


FILTERS 

USED  IN  PRODUCTION  OF 

IVBG  LOTS 

1A,  IB, 

2A  and  2B 

IVBG 

Lot 

Manufacturer 

Filter  Part  No. * 

1A 

IB 

2A 

2B 

PALL 

AB1NR7P 

X 

X 

X 

X 

PALL 

AB1NA3P 

X 

PALL 

AB2NA8P 

X 

PALL 

DFA3001ARP 

X 

X 

X 

PALL 

AB2NA7P 

X 

X 

PALL 

FLF6001ARP 

X 

X 

X 

PALL 

AB1NA7P 

X 

X 

PALL 

SLK7001ARP 

X 

PALL 

DFA3001NRP 

X 

PALL 

SLK7001NRP 

X 

GELMAN 

12645 

X 

GELMAN 

12122 

X 

Pall  Trinity  Micro  Corporation 
Cortland,  NY  13045 

Gelman  Sciences,  Inc. 

600  South  Wagner  Road 

Ann  Arbor,  MI  48106 

*A11  filters  are  manufactured  in  accordance  with  Current  Good  Manufacturing 
Practices  (C.G.M.P.)  guidelines  and  are  non-fiber  releasing. 


DISTRIBUTION  OF  PLASMA  UNITS* IN  IVBG  LOTS 
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Table  III 

removal  of  lipoprotein  during  fractionation 


Sample 

Triglyceride 
mg /ml 

Cholesterol 

mg/ml 

(HDL) 

aLipoprotein 

rag/ml 

IVBG-1A: 

Plasma  Pool 

Pre  QAE 

Pinal  Product 

1.63 

0.13 

ND 

1.38 

ND 

ND 

1.29 

ND 

ND 

IVBG-1B: 

Plasma  Pool 

Pre  QAE 

Final  Product 

2.16 

ND 

ND 

1.61 

ND 

ND 

0.54 

ND 

ND 

IVBG-2A: 

Plasma  Pool 

Pre  QAE 

Final  Product 

2.21 

ND 

ND 

1.65 

ND 

ND 

0.55 

ND 

ND 

IVBG-2B: 

Plasma  Pool 

Pre  QAE 

FinaJ  Product 

2.07 

ND 

ND 

1.63 

ND 

ND 

0.56 

ND 

ND 

ND:  Not  Detectable 


(LDL) 

BLipoprotein 
mg /ml 


2.00 

ND 

ND 


2.73 

ND 

ND 


3.01 

ND 

ND 


3.06 

ND 

ND 


>V- 


*"  > 

<f.y. 
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Table  IV 


PLASMINOGEN  AND  PREKALL1KREIN  LEVELS 
DURING  FRACTIONATION 


Plasminogen _  Prekalllkrein 


Sample 

CTA  U/ml 

CTA  U/mg 

Total 

Units 

yg/ml 

y£/m£ 

Total 

Grams 

IVBG-lA: 

Plasma  Pool 

*3.12 

0.064 

716,000 

11.2 

0.23 

2.6 

Pre  QAE 

ND 

ND 

ND 

2.0 

0.03 

0.2 

Final  Product 

ND 

ND 

ND 

1.8 

0.02 

0.01 

IVBG-1B: 

Plasma  Pool 

3.50 

0.068 

815,000 

4.6 

0.09 

1.1 

Pre  QAE 

ND 

ND 

ND  ' 

1.5 

0.02 

0.2 

Final  Product 

ND 

ND 

ND 

3.8 

0.04 

0.02 

IVBG-2A: 

Plasma  Pool 

3.06 

0.060 

714,000 

8.7 

0.17 

2.0 

Pre  QAE 

ND 

ND 

ND 

1.6 

0.02 

0.2 

final  Product 

ND 

ND 

ND 

2.2 

0.02 

0.01 

IVBG-2B: 

Plasma  Pool 

3.52 

0.071 

841,000 

4.1 

0.08 

0.9 

Pre  QAE 

ND 

ND 

ND 

0.9 

0.01 

0.1 

Final  Product 

ND  • 

ND 

ND 

0.5 

<0.01 

<0.01 

ND:  Not  Detectable 

Lowest  Detection  Level:  Plasminogen  -  0.01  CTA  U/ml 

Prekallikrein  -  0.10  yg/ml 


"7*7  W 


’i 


rV ■» V 
lr  V  , 

r>> 


> 

0) 

r-4 

■8 

H 


1*2 


ZL 


2 

o 

w 

C3 

* 

< 

33 

O 

X 

w 

23 

o 


«M 

o 

•H 

CO 

Cb 

O 

H 

O 

w 

Cb 

Cb 

Cd 

Cd 

oc 

H 


o_, 

00| 


Cl 

od 


o 

H 

* 


o 

oc 

P 

r-4 

cd 

Mt 

4J 

O 

O 

M 

H 

M 

4-4 

2 

O 

O 

P 

H 

H 

<3 

2 

O 

Ol 

M 

00 

H 

M 

§ 

r-4 

2 

CP 

03 

Cb 

O 

4-> 

00 

O 

o 

M 

H 

2 

M 

44 

OO 

O 

o 

p 

M 

1c 

cn 

O 

cd 

GO 

OO 

H4 

CO 

<! 

i-4 

p 

c 

cd 

o 

o 

44 

PQ 

oc 

o 

P 

M 

H 

CO 

44 

o 

O 

oo 

P 

M 

e> 

ad 


o 

H 


o 

M 


O  00  4 
O  O'  • 
— I  O 


O  -O  f> 
o  •  • 

p  ©  O 


O  M  oo 
o  P~  • 

*— I  O' 


in 

o  p  • 
o  oo  O' 
f—t  oo 


O  <t  P 
O  f-  va 


in  -st  <M 
cm  p-  r- 
pa  O'  © 


O  <T  a 

o  oo  • 
■— I  o 


o  m  p 

o  •  • 

P  O  O 


o  pa 
©  ^ 


o  O  N 
O  O'  • 

—i  oo 
00 


©  m  <t 

O  MA 


P  O'  O' 
p  o  m 
cm  O'  io 


O  00  © 
o  P"»  ■ 

—I  VO 


O  O' 

o  'A' 


CM 


o  <r  ci 

°  ■  * 
p  r— 4 


O  O  MO 

o  P  • 

p  CM 


O  00  CM 

©  cn  cm 


o 

o 


cm  co 

CM  • 
MO 


©  r-  pa 

CO  O'  • 
•—4  i-> 

M> 


o  m  O' 
o  m>  n- 


©  oo 
O  M> 


H  St  40 

vo  h i  in 

!A  O'  40 


u 

44 

44 

o 

o 

O 

3 

P 

3 

r-4 

3 

r-4 

o 

*3 

0 

T3 

0 

T) 

0 

o 

o 

O 

O 

o 

O 

o 

Ot 

t4 

Ps 

U 

■1— 

04 

u 

+- 

04 

W  ** 

W  Cb 

+— 

rrt 

sa  * 

cd 

(D 

•< 

3 

CO 

°"3 

« 

CO 

4J 

< 

CM 

a 

CO 

°"3 

PQ 

CNl 

a 

0) 

»-4 

Q, 

i 

o 

cd 

p-4 

V  c 

Is  P 

1 

o 

cd 

r4 

V  c 

lb  P 

1 

O 

cd 

r-4 

at  C 

lb  -H 

1 

o 

cd 

i-4 

§ 

cQ 

> 

Os 

Cb  Cb 

oq 

> 

P4 

Os  Cb 

aa 

> 

CM 

Cb  Cb 

PQ 

> 

CM 

CO! 

M 

M 

P 

>■-4 

o  pa  -st 
o  m  pa 


PA  O  CM 
p  O'  m 
PA  4*0  "O 


•U 

o 

3 

A3 

0 

u 

a, 


53 

O' 

a> 

Ui 


*  IgG  Determined  by  Radial  Immunodiffusion  Assay. 

**  Subclasses  Determined  by  Radiolmmuno  Assay, 

tt  IVBG-2A  and  IVBG-2B  have  been  resubmitted  for  repeat  testing. 
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Table  VI 

QAE  A-50  ANION  EXCHANGE  CHROMATOGRAPHY* 


IVBG-1A 

IVBG-1B 

IVBG--2A 

IVBG-2B 

Protein  Applied: 

Volume  (liters) 

96.89 

98.43 

98.60 

89.97 

Total  Protein  Concentration 
(mg/ml) 

79.8 

79.3 

80.2 

80.1 

Total  Protein  (grams) 

7734 

7805 

7902 

7199 

Ratio  of  Total  Protein  to 

QAE  (gm/ gm) 

1.45 

1.48 

1.50 

1.37 

***IgG  Concentration  (mg/ml) 

10.05 

9.23 

9.27 

7.67 

IgG  (grams) 

97  \ 

909 

914 

690 

Protein  Collected: 

IgG  (grams) 

747.0 

682.5 

661.0 

506.0 

IgG  Yield  vs.  Total 

Protein  Applied 

9.662 

8.742 

8.36% 

7.03% 

IgG  Yield  vs.  IgG  grams 

Applied 

76.72 

75.12 

72.3% 

73.3% 

*pH  6.6  conductivity  5.85  mS  at  21°C 

JUJL 

The  protein  solutions  are  stored  in  two  or  more  containers  at  each  stage.  The 
protein  concentration  shown  is  an  average  of  the  biuret  determination  for  each 
container. 

***IgG  concentration  determined  by  Radial  Immunodiffusion  (R.I.D.)  Assay. 


Table  VII 


* 

COMPARISON  OF  SOME  PLASMA  PROTEINS 

** 

DURING  FRACTIONATION 

*** 


Sample 

Protein 

mg/ml 

Transferrin 

mg/ml 

a^Macroglobulin 

mg/ml 

Hemopexin 

mg/ml 

Albumin 

mg/ml 

IVBG-1A: 

Plasma  Pool 

48.7 

1.88 

0.84 

0.72 

27.7 

Pre  QAE 

79.8 

0.93 

1.70 

0.52 

60.0 

Final  Product 

1  \  1 

<0.02 

ND  1 

ND 

ND 

IVBG-1B: 

Plasma  Pool 

51.3 

2.02 

0.80 

0.78 

31.8 

Pre  QAE 

79.3 

4.15 

1.73 

0.49 

61.4 

Final  Product 

108.0 

<0.02 

ND 

ND 

ND 

IVBG-2A: 

Plasma  Pool 

50.8 

2.46 

0.90 

0.77 

33.5 

Pre  QAE 

80.1 

4.73 

2.00 

0.40 

62.8 

Final  Product 

105.  0 

<0.02 

ND 

ND 

ND 

IVBG-2B: 

Plasma  Pool 

49.4 

2.14 

0.88 

0.79 

30.3 

Pre  QAE 

80.0 

.  4.68 

1.77 

0.20 

62.8 

Final  Product 

103.0 

<0.02 

ND 

ND 

ND 

<Ar 

Values  determined  by  Radial  Iimnunodif fusion  (R.I.D.)  Assay. 

'*The  Pre-QAE  plasma  has  been  concentrated  to  approximately  80  mg  protein/ml. 

If  ^ 

The  protein  solutions  are  stored  in  two  or  more  containers  at  each  stage.  The 
protein  concentration  shown  is  an  average  of  the  biuret  determination  for  each 
container . 
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Table  VIII 

COMPARISON  OF  VARIOUS  IMMUNOGLOBULINS* 
DURING  FRACTIONATION** 


Protein"*"  ^  I8A  IgM 


Sample 

mg /ml 

mg/ml 

mg/ml 

mg /ml 

IVBG-1A: 

Plasma  Pool 

48.7 

5.76 

1.06 

0.  84 

Pre  QAE 

79.8 

10.05 

2.42 

1.11 

Final  Product 

103.1 

101.5 

<0.02++ 

ND 

IVBG-1B: 

Plasma  Pool 

51.3 

5.19 

1.19 

0.74 

Pre  QAE 

79.3 

9.23 

2.33 

0.76 

Final  Product 

108.0 

108.6 

<0.02++ 

ND 

IVBG-2A: 

Plasma  Pool 

50.8 

5.81 

1.32 

0.94 

Pre  QAE 

80.1 

9.27 

2.72 

0.76 

Final  Product 

105.0 

110.7 

<0.02++ 

ND 

IVBG-2B: 

Plasma  Pool 

49.4 

5.47 

1.21 

0.80 

Pre  QAE 

80.0 

7.67 

2.53 

0.60 

Final  Product 

103.0 

101.6 

<0 . C2++ 

ND 

Average : 

Plasma  Pool 

50.1 

5.55 

1.20 

0.83 

Pre  QAE 

79.9 

9.06 

2.50 

0.81 

Final  Product 

104.8 

105.6 

<0.02++ 

ND 

1 


Values  determined  by  Radial  Immunodiffusion  (R.I.D.)  Assay. 

The  Pre-QAE  plasma  has  been  concentrated  to  80  me  protein/ml, 

.C 

The  protein  solutions  are  stored  in  two  or  more  containers  at  each  stage. 
The  protein  concentration  shown  is  an  average  of  the  biuret  determination 
for  each  container. 

*4- 4* 

Represents  trace  amounts  of  IgA.  Caution  should  be  taken  when  administered 
to  persons  known  to  be  deficient  in  IgA. 


Table  IX 


FRACTIONATION  YIELDS 


Total  Protein* 

IJ 

$G** *** 

Sample 

Vol.  (ft) 

Grams  % 

Yield 

Grams 

%  Yield 

IVBG-1A: 

Plasma  Pool 

Pre  QAE 

Final  Product  Bottled 

230.0 
96.9 
***  5 . 92 

11,190 

7,734 

609.8 

100.0 

69.1 

5.46 

1,325 

974 

601 

100.0 

73.5 

45.4 

IVBG-1B: 

Plasma  Pool 

233.4 

11,985 

100.0 

1,211 

100.0 

Pre  QAE 

98.4 

7,805 

65.1 

909 

75.1 

Final  Product 

Bottled 

***  6,74 

727.9 

6.07 

732 

60.4 

2nd  Bottling 

-5.69' 

614.5 

5.13 

618 

51.0 

IVBG-2A: 

Plasma  Pool 

234.3 

11,903 

100.0 

1,361 

100.0 

Pre  QAE 

98.6 

7,902 

66.4 

914 

67.2 

Final  Product 

Bottled 

5.93 

622.7 

5.23 

656 

48.2 

IVBG-2B : 

Plasma  Pool 

240.0 

11,844 

100.0 

1,313 

100.0 

Pre  QAE 

90.0 

7,199 

60.8 

690 

52.6 

Final  Product 

Bottled 

4.4.1 

454.2 

3.83 

448 

34.1 

Totals : 

Plasma  Pool 

937.7 

46,922 

100.0 

5,210 

100.0 

Pre  QAE 

383.9 

30,640 

65 . 4 

3,487 

67.1 

Final  Product 

Bottled 

21.95 

2,301.2 

4.91 

2,323 

44. -6 

*  Total  Protein  Determined  By  Biuret. 

**  IgG  Levels  Determined  By  Radial  Immunodiffusion  Assay. 

***  Grams  of  Final  Product  Bottled.  An  Additional  73  Grams  of  IgG  Not  Bottled 
with  IVBG-1A  was  Bottled  with  and  is  Included  in  the  IVBG-1B  Totals. 


**Pall,  DFA 
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Table  XIII 


PERCENTAGES  OF  IgG  SUBCLASSES  FROM  COMMERCIAL 
GAMMA  GLOBULIN  AND  FROM  IVBG  FINAL  PRODUCTS 


%  of  Total  IgG 


Sample 

Protein 
mg /ml 

IgGl 

i££2 

*gG3 

i£G4 

IVBG-lA  Final  Product 

103.1 

89.5 

9.8 

0.3 

0.4 

IVBG— lB  Final  Product 

108.0 

88.2 

11.1 

0.1 

0.6 

1VBG-2A  Final  Product** 

105.0 

67.3 

22.0 

4.3 

6.3 

IVBG-2B  Final  Product** 

103.0 

79.0 

16.3 

2.6 

2.1 

Cutter  I.V.  IgG 

59.7 

84.6 

12.3 

NDt 

3.1 

Hyland  ISG 

157.5 

75.8 

4.2 

19.2 

0.7 

JL 

Cutter  Gamimmune,  Lot 

#C5755,  Reduced 

and  Alkylated,  Exp. 

31,  October 

1982 

**Hyland  Immune  Serum  Globulin,  Lot  #2703  T  001  FA,  Exp.  31,  August  1984 
*ND:  Not  Detectable 

**IVBG-2A  and  IVBG-2B  have  been  resubmitted  for  repeat  testing. 


LIMITED  PROTEOLYSIS  OF  IVBG-1A  AND  IVBG-1B  WITH  PLASMIN 


Table  XVI 


6  MONTH  SHELF  LIFE  SAMPLES: 

TYPE  A,  B,  C,  D  AND  E  NEUTRALIZING  TITERS  ON  IVBG  FINAL  PRODUCTS 


Neutralizing  Activity  (IU/ml) 


Storage  Conditions 

Type  A 

Type  B 

Type  C 

Type  D 

Type  E 

ivbg-ia 

Fresh  -  0  months 

219.0 

11.4 

106.8 

121.8 

92.1 

-20°C  -  6  months 

320.0 

10.0 

358.0 

129.0 

144.0 

4°C  -  6  months 

201.6 

16.0 

285.0 

325.0 

113.5 

22°C  -  6  months 

204.0 

12.2 

89.6 

325.0 

51.2 

37°C  -  6  months 

80.6 

6.3 

89.6 

102.0 

57.6 

IVEG-1B 

Fresh  -  0  months 

224.0 

10.2 

80.0 

169.0 

75.0 

-20°C  -  6  months 

242.0 

32.0 

NT* 

NT 

NT 

4°C  -  6  months 

NT 

25.0 

NT 

NT 

NT 

22°C  -  6  months 

237.0 

32.0 

NT 

NT 

NT 

37°C  -  6  months 

242.0 

25.0 

NT 

NT 

NT 

IVBG- 2 A 

Fresh  -  0  months 

280.0 

34.6 

40.4 

17.4 

87.4 

-20°C  -  6  months 

NT 

22.0 

NT 

NT 

NT 

4°C  -  6  months 

NT 

33.0 

NT 

NT 

NT 

22 °C  -  6  months 

NT 

33.0 

NT 

NT 

NT 

37 °C  -  6  months 

NT 

22.0 

NT 

NT 

NT 

IVBG-2B 

Fresh  -  0  months 

77.0 

12.3 

NT 

NT 

NT 

-20°C  -  6  months 

89.0 

12.8 

NT  . 

NT 

NT 

4°C  -  6  months 

67.0 

12.8 

NT 

NT 

NT 

22°C  -  6  months 

45.0 

12.8 

NT 

NT 

NT 

37  °C  -  6  months 

45.0 

12.8 

NT 

NT 

NT 

NT — Not  Tested 


Table  XVII 


SIX  MONTH  STABILITY  OF  IVBG  LOTS:  EFFECT  OF  STORAGE 
TEMPERATURE  ON  AGGREGATE  FORMATION 


Percent  of  Total  Area 


Final  Product 

IgG  Dimers 

IgG  Mono 

Stored  6  Months 

Aggregates 

and  Trimers 

mers 

IVBG-1A 


-20°C 

0.8 

6.0 

93.1 

4°C 

0.4 

4.9 

94.7 

22°C 

0.5 

7.5 

91.9 

37°C 

8.9 

36.9 

52.6 

IVBG-lB 

-20°C 

0.5 

4.1 

95.4 

4°C 

0.5 

2.5 

97.0 

22°^ 

0.3 

5.8 

93.9 

37°C 

15.7 

44 . 6 

38.0 

IVBG- 2 A 

-20°C 

0.6 

5.1 

94.3 

4°C 

0.3 

4.9 

94.8 

22°C 

0.4 

4.5 

95.1 

37°C 

3.5 

28.6 

65.8 

IVBG- 2 B 

-20°C 

0.4 

4.3 

95.3 

4°C 

0.6 

4.4 

95.0 

22°C 

0.1 

3.0 

96.9 

37°C 

1.  7 

22.1 

72.6 

-•A 
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Custom  Designed  Final  Product  Labels 
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IVBG-1B 


IVBG-2A 


IVBG-2B 


Percent  Yield 
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Figure  2 


Protein  and  IgG  Yields  During  Fractionation 
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Immunoelectrophoresi 


Samples  Electrophoresed  for  75  Minutes  at  80  Volts 
Antisera:  Kallestad(  Rabbit  Anti  Whole  Human,  Lot  #301L011 
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Immunoelectrophoresis  of  IVBG-2B  Final  Product 
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COMMERCIAL  MINNESOTA  ALG  COMMERCIAL 

PRODUCTS  PRODUCTS  PRODUC/S 


IVBG-2A 


SHELF  LIFE  STUDY 

Immunoelectrophoresis  of  IVBG-1A  Six  Month  Samples 
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Samples  Electrophoresed  for  90  Minutes  at  80  volts 
Antisera:  Kaliestad,  Rabbit  Anti  Whole  Human,  Lot  #301L01 1 
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Antisera:  Kallestad,  Goat  Anti  Whole  Human,  Lot  #201  N0 14 
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]57]  ABSTRACT 

A  method  of  treating  blood  plasma  or  fractionated 
plasma  products  with  fumed  colloidal  silica  to  remove 
fibrinogen  without  polymerization  to  fibrin,  to  remove 
the  plasminogen-plasmin  proteolytic  enzyme  system,  to 
remove  cholcsleio!  and  lipoproteins  and  reduce  triglyc¬ 
erides,  while  maintaining  plasma  coagulation  factor  II 
at  pretreatment  levels  and  leaving  immunoglobulins 
and  other  protein  constituents  unaffected,  and  the 
resulting  product.  Plasma  products  treated  with  fumed 
silica  may  be  subjected  to  long-term  storage  for  a  year 
or  more  without  loss  of  its  biologically  active  support 
properties,  thereby  circumventing  the  problem  of  hep¬ 
atitis  The  treated  plasma  products,  either  fresh  or  after 
long-term  storage,  may  be  used  as  a  perfusion  support 
media  for  organ  perfusion,  for  treatment  of  hernmorr- 
hagic  shock  and  similar  purposes  for  which  untreated 
plasma  and  fractionated  plasma  products  are  custom 
arily  used,  with  equal  or  superior  effectiveness. 


2  Claims,  2  Drawing  Figures 
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FI  B  R I NOGKN-ERK  K 

PLASMINOCEN-PLASMIN-FRKF.  PLASMA  AM) 
METHOD  OK  PREPARING  AM)  USING  SAME 
The  invention  described  herein  was  made  in  the  5 
course  of  work  under  a  grant  or  award  from  the  De¬ 
partment  of  Health,  Education  and  Welfare. 

This  invention  is  directed  to  a  fibrinogen-free  plas- 
minogcn-plasmin-frcc  blood  plasma  product  and  to  the 
method  of  making  such  a  product  by  the  treatment  of  •>* 
animal  blood  plasma  or  fractionated  plasma  products 
with  a  pure  synthetic  fumed  colloidal  silicon  dioxide 


d.VD8ftJ2f7T  2  118 

clotting  of  blood  harmful  pharmacological  active  fac?PenC^X  Ac¬ 
tors  may  he  generated 

Hie  deficiencies  nr  the  ahovc  mentioned  prepara¬ 
tions  let)  to  the  investigation  and  develops  .nt  ot  the 
method  of  the  present  invention  for  (  I )  removing  fi¬ 
brinogen  from  plasma  without  its  polymerisation  to 
fibrin  and  leaving  proihromhin  at  pretreatment  levels, 

(2)  removing  the  plasminogcnplasmin  proteolytic  en¬ 
zyme  system.  (')  without  generation  of  toxic  factors 
nor  removal  of  biologically  essential  supjKirt  factors, 
and  (4)  allowing  for  long-term  storage  of  plasma  with¬ 
out  loss  of  its  biological  support  properties. 

A  series  of  investigations  with  various  natural  and 
synthetic  poly-siliea  compounds,  resulted  in  the  discov- 


conlaining  siloxan  and  silano!  groups  on  its  surface.  It 
has  been  found  that  fumed  silica  treated  plasma  prod- 
net  retains  its  biological  support  properties  through  *'  cry  that  a  synthetic  fun»cd  colloidal  V 
longterm  storage  and  is'uscful  in  organ  perfusion,  treat 


& 


-A 

.S' 


ment  of  shock,  and  the  like,  while  circumventing  the 
transmission  of  hepatitis  in  untreated  plasma. 

BACKGROUND  Of  THE  INVENTION 

With  the  advent  of  clinical  organ  transplantation  as 
an  accepted  method  of  treatment  for  various  diseases, 
the  need  for  preservation  of  cadaver  organs  became 
established.  The  requirements  of  a  media  that  will  sup 
port  organ  perfusion  were  partially  accomplished  bv 
the  use  of  cryoprccipitatcd  plasma  (CPP)  Thus,  the 
problems  associated  with  blockage  of  capillaries  by 
lipoproteins,  fibrin  aggregates,  anil  the  like,  were  to  a 
certain  degree  prevented.  There  are.  however,  several 
disadvantages  related  to  the  use  of  CPP  (a)  it  is  diffi¬ 
cult  to  standardize  and  store;  (b)  it  must  he  thawed  and 
filtered  immediately  before  use;  and  (c)  there  is  a  nsk 
uf  transmission  of  hepatitis  in  the  use  of  unstored 
plasma.  Most  important,  it  is  not  reliable  for  long-term 
perfusion  since  renal  function  does  not  reliably  and 
immediately  reappear  upon  transplantation  of  kidneys 
preserved  for  more  than  48  hours. 

A  number  of  efforts  have  been  made  to  eliminate 


could  be  used  to  tieat  plasma  removing  fibrinogen 
without  polymerization,  and  preventing  the  accumula¬ 
tion  of  pharmacologically  active  toxic  split  products. 
Subsequent  research  led  to  the  discovery  that  in  addi- 
20  lion  the  proteolytic  enzyme  system  plasminogen-plas- 
min  is  also  removed  by  fumed  silica  treatment.  Plasma 
treated  and  processed  in  this  manner  has  been  exten¬ 
sively  tested  in  both  animal  and  human  models  and 
evaluated  for  cllivacy  for  organ  preservation,  shock, 
25  and  for  retention  of  its  biological  support  properties 
following  long- term  storage  ( I  year). 

Mood  contains  plasminogen,  the  inactive  precursor 
of  the  potent  proteolytic  enzyme  plasmin.  Under  ordi¬ 
nary  conditions  such  as  those  involved  in  the  prepara- 
tn  tion  of  plasma  from  eitralcd  whole  blood,  plasminogen 
is  not  activated  in  any  detectable  quantities  since  there 
are  inhibitors  in  plasma  which  can  act  to  block  activa¬ 
tion  by  kinases  as  well  as  inhibitors  that  can  block  the 
action  of  t’  e  enzyme  plasmin.  However.  On  long-term 
M  storage  of  plasma  there  apparently  is  some  activation  of 
plasminogen  to  plasmin  (up  to  5  percent)  and  the  sub¬ 
sequent  proteolysis  of  fibrinogen,  immunoglobulins, 
and  other  proteins.  With  plasma  develops  visible  aggre¬ 


gates  which  are  presumably  products  of  partially  de- 
somc  of  these  disadvantages.  In  particular,  the  use  of  Jg  gradcd  f,h,;nnf,cn  anj  immunoglobulins.  This  problem 
rvnUictic  plasma  derivatives  and  albumin  solutions  is  )atgciy  circumvented  by  the  outdating  of  plasma, 

have  been  trico.  Such  solutions  theoretically  should  resulting  in  discarding  and  loss  of  a  valuable  resource, 

contain  little  aggregated  materials,  i  c\.  lipoproteins  jn  lhtf  c|assjc  c,,hn  alcohol  fractionation  of  human 
and  partially  polymerized  fibrinogen  and  since  they  can  plasma,  the  plasminogen  is  concentrated  and  freed  of 

be  stored  there  is  little  risk  of  hepatitis.  However,  for  45  jtJ  inhibitors  in  the  fraction  process.  The  result  is  that 
unknown  reasons  these  materials  arc  not  as  satisfactory  fractions  I.  II,  III  of  the  Cohn  procedure  contain  much 

*s  plasma.  In  applicants’  laboratory  at  the  University  of  greater  quantities  of  plasminogen  than  arc  present  ini- 

MinnesoU  Medical  School,  canine  kidneys  perfused  tially  in  plasma.  The  presence  of  high  concentrations  of 

with  albumin  demonstrated  only  50  percent  survival  plasminogen,  if  activated,  leads  directly  to  the  degrada- 

tftcr  48  hours  preservation.  Furthermore,  only  25  per-  jjon  t,f  fibrinogen  to  form  the  toxic  so-called  split  prod- 


cent  of  the  kidneys  perfused  with  plasmanatc  surv  ived 
after  the  tame  preservation  period. 

One  possible  explanation  why  CPP  is  superior  to  the 
other  plasma  derivatives  for  organ  perfusion  is  the 
trace  materials  within  plasma  which  arc  necessary  for  jj 
metabolic  maintenance  of  the  hypothermic  kidney. 
Such  materials  may  be  removed  by  the  processing  of 
albumin  or  plasmanatc.  At  the  same  time  it  may  be 
possible  that  the  problem  with  CPP  is  related  to  the 


ucls.  In  addition,  it  has  been  demonstrated  that  the 
plasmin  system  can  partially  degrade  the  immunoglob¬ 
ulins,  a  process  which  leads  to  formation  of  molecular 
aggregates. 

Immunoglobulins  acted  upon  by  plasmin  when  in¬ 
jected  into  the  circulation  arc  eliminated  very  rapidly 
when  compared  to  normal,  unaltered  immunoglobui 
lins.  The  net  efieet  is  to  prevent  the  attainment  of  high 
blood  levels  that  arc  necessary  in  treating  bacterial. 


failure  to  remove  by  freezing  all  of  the  prccipitable  and  <,o  toxic  states  and  viral  diseases.  In  particular,  the  plasmin 


dcnalurablc  elements  within  the  plasma. 

The  picture  for  shock  is  even  less  clear  Upon  stor¬ 
age,  plasma  and  blood  lose  their  cfTectivcnss  as  plasma 
expanders  in  hypovolemic  and  cmloloxic  shock. 
Scrum,  the  protein  fluid  remaining  after  the  polymeri¬ 
zation  of  fibrinogen,  is  of  little  value  in  organ  perfusion 
and  may  be  even  toxic,  whereas,  in  shock,  even  saline 
is  more  effective  than  serum,  suggesting  that  in  the 


altered  immunoglobulin  when  administered  to  immune 
deficiency  patients  intravenously  produce  anaphylac¬ 
toid-like  reactions,  thereby  eliminating  a  potentially 
effective  method  of  treating  such  patients. 

A  major  obstacle  to  the  preparation  of  potent  solu¬ 
tions  of  purified  immunoglobulins  that  can  be  safely 
administered  intravenously  to  patients  to  achieve  high 
blood  levels  in  treating  immune  defects  and  life  threat- 
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ening  infections  has  been  the  failure  to  either  eliminate 
or  prevent  the  aggregation  of  immunoglobulins  timing 
purification.  A  tide  limn  the  fact  lli.it  (lie  tiimcrsally 
employed  Cohn  alcohol  method  of  plasma  protein  frac¬ 
tionation  may  irreversibly  denature  some  plasma  pro¬ 
teins,  the  presence  of  the  plasma  proteolytic  enzyme 
plasminogen  has  been  demonstrated  to  attack,  and 
particularly  degrade  by  its  proteolytic  activity,  immu¬ 
noglobulins.  pailiculaily  the  Igti  class,  the  IgG  immu¬ 
noglobulins  that  have  been  attacked  by  plasmin  fotm 
molecular  aggregates  which  have  been  implicated  in 
the  activation  of  the  kineir  and  complement  systems 
and  further,  when  their  aggregated  solutions  ate  admin¬ 
istered  intravenously  to  patients  with  immune  deli 
cicncy,  precipitate  anaphylactoid  systemic  reactions  In 
addition,  these  partially  degraded  aggregated  lg(i  prep¬ 
arations  are  rapidly  eliminated  ftom  the  circulation 
thereby  significantly  reducing  the  effectiveness  ot  spe¬ 
cific  antibody  in  conferring  protection  to  toxic  states 
resulting,  for  example,  form  diphtheria  toxin,  and  pro¬ 
tection  against  infection.  Thus,  the  hoped  for  goal  of 
achieving  high  effective  blood  levels  of  a  biologically 
active  antibody  to  toxins,  viral  or  bacterial  organisms 
have  not  been  attained  to  date. 

DESCRIPTION  OH  TIH*  PRIOR  AR  P 

In  the  past  there  has  been  ho  single  process  th.it 
would  remove  l>olh  lipoproteins  and  fibrinogen  without 
polymerizing  to  fibrin  Cryoprecipitation  of  plasma  has 
been  extensively  utilized  in  the  removal  of  some  lipo¬ 
protein  aggregates  and  v«mc  polymerized  fibrinogen 
Scrum  separated  from  clotted  whole  blood  has  very  low- 
levels  of  fibrinogen  but  it  is  actually  toxic  in  organ 
perfusion,  and  harmful  in  hypovolemic  ami  endotoxic 
shock. 

Intravenous  preparations  of  purified  immunoglobu¬ 
lins  have  been  prepared  but  have  all  product'll  reac¬ 
tions  when  administered  intravenously  to  the  immune 
deficient  patient.  One  prepatalion  prepared  by  enzy¬ 
matic  treatment  with  trypsin  of  IgG,  while  producing 
fewer  reactions  when  administered  intravenously,  had 
greatly  reduced  half  life.  It  is  presumed  that  the  major 
obstacles  to  preparation  of  a  highly  purified  intrave¬ 
nous  IgG  has  been  the  presence  of  plasminogen  plas¬ 
min  contaminating  the  cai  ly  fractionation  stages  during 
purification  of  the  immunoglobulins.  The  major  ap¬ 
proach  to  dealing  with  the  plasminogen  problem  lias 
been  the  addition  of  compounds  which  do  not  remove 
the  enzyme  precursor  or  its  activated  plasmin  but  in¬ 
hibit  the  activation  of  the  plasminogen  to  plasmin.  I  his 
has  come  about  by  application  of  the  fact  that  E  amino 
caproic  acid  combines  and  inhibits  the  activation  of 
plasminogen  to  plasmin  It  is  not  clear,  however,  that 
this  process  offers  much  in  the  large  scale  production 
and  preparation  of  plasminogen  live  plasma  that  could 
be  used  in  preparing  aggregate-free  plasma  protein  of 
high  purity,  particularly  since  it  has  not  l*cen  demon¬ 
strated  conclusively  that  plasmin  is  inhibited  by  E 
amino  caproic  acid.  Purification  by  chromatography 
could  remove  plasminogen.  However,  it  is  much  mine 
desirable  that  a  process  be  developed  where  whole 
plasma  could  be  treated  ct  onomicaliy  anil  wiib  ease 
and  in  a  manner  that  plasminogen  and  plasmin  could  be 
removed  in  ihe  early  phases  of  preparation  when  ihe 
active  and  potent  plasma  inhibitors  of  the  plasminogen 
activation  system  are  po-sent  and  eltev  live  in  the  »  bole 
plasma. 
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4  Appendix  A1  (5) 

Svnihetie  untied  silicon  dioxide  has  been  used  to 
remove  lipopoili  ms,  cholesterol  and  triglycerides  from 
si  rum  However,  we  have  demonstrated  that  treating 
plasm. i  with  synthetic  fumed  silicon  dioxide  removes 
lipoproteins,  cholesterol  and  triglycerides  and.  at  the 
s.une  tune,  removes  fibrinogen  by  mechanisms  not 
involving  polymerization  of  fibrinogen  to  fibrin  since 
the  prothionibm  remains  at  prctreatmvnt  levels,  and 
it  moves  the  pl.i.sniiiiiigeii-plasniiu  system 

SUMMARY  OH  THE  INVENTION 

Itru.idty  stated,  ihe  invention  comprises  the  method 
of  treating  bhvod  plasma  or  plasma  fractions,  human  or 
non  human,  in  the  course  of  normal  processing  with 
pyrogenic  or  fumed  silica  (colloidal  synthetic  silicon 
dioxide  of  highest  purity  containing  siloxan  and  silanol 
groups  on  its  surface),  in  either  wet  or  dry  form,  fol¬ 
lowed  by  separation  of  the  silica,  the  resulting  fibrino¬ 
gen  free  plasminogen -plasmin -free  plasma  products, 
and  methods  of  using  those  produe.s. 

The  results  of  this  method  of  plasma  treatment  pro¬ 
vides  plasma  that  can  be  stored  for  two  years  or  more 
without  loss  in  its  biological  support  activities  for  treat¬ 
ment  of  hemorrhagic  and  endotoxic  shock  and  as  a 
support  media  for  organ  perfusion.  The  advantages  of 
long-term  storage  provides  an  op^trtunity  for  exten¬ 
sive  testing,  circumventing  of  hepatitis  problems  and 
successful  pooling  of  a  valuable  natural  resource. 

HKI1I-  DESC  RIPTION  OF  IHE  DRAWINGS 

Ihe  invention  is  illustrated  in  the  accompanying 
drawings  in  which: 

I  K!  I  is  a  flow  sheet  showing  the  method  of  prepar¬ 
ing  funted  silica  treated  plasma  using  dry  silica;  and 

l-'Ki  2  is  a  flow  sheet  showing  a  modified  form  of 
treatment  utilizing  saline  wetted  fumed  silica 

DESCRIPTION  OK  THE  PREFERRED 
EMHODIMENIS 

Referring  now  to  the  drawings,  and  particularly  to 
MG.  I.  there  is  illustrated  in  flow  sheet  form  a  pre¬ 
ferred  mcthinl  for  preparing  fumed  silicon  dioxide 
treated  plasma  using  dry  fumed  silica.  The  drawn  blood 
is  *'  t  treated  in  the  covcntional  manner  by  centrifug¬ 
ing  about  3400  rpm  for  about  15  minutes  at  about 
25'  (  'be  precipitate  consisting  predominantly  of  red 
bhxod  cells  is  separated.  The  plasma,  the  supernatant 
fraction,  is  tested  for  the  presence  of  cytotoxic  antibod¬ 
ies.  Any  plasma  with  such  activity  is  discarded.  The 
i  remaining  blood  is  pooled  for  further  processing.  The 
plasma  is  centrifuged  at  about  5000  rpm  for  about  15 
minutes  at  about  25°  C.  The  precipitate  composed 
predominantly  of  platelets  and  red  blood  cells  is  again 
separated.  A  sample  of  the-  supernatant  plasma  is  with¬ 
drawn  for  chemical  anaylsis. 

Sterile  dry  cxxlloid.il  fumed  silicon  dioxide  of  the 
highest  purity  is  then  added  to  the  plasma  at  room 
temperature  with  stirring  to  a  final  concentration  of 
between  about  10  to  50  and  preferably  about  25  to  40 
i  gram  of  silica  per  liter  of  plasma  Exemplary  pyrogenic 
•t  fumed  silicas  which  may  be  used  arc  those  sold 
mulct  the  brand  name  Aerosil  3K0  by  Degussa,  Inc.. 
New  York.  N  Y  .  and  under  the  brand  name  Cab-O  Sil 
b\  C.iliot  Corp  ,  H.xston,  Mass  Ihe  plasma  and  silica 
a iv  Muted  lor  from  about  20  minutes  to  2  hours  from  4* 

C  to  »7"  C  but  preferably  at  roam  temperature,  and 
tin  n  i  entiiluged  at  about  Mill  to  1000(1  rpm  for  about 
|n  in  to  minutes,  pteler.ibly  at  alniuf  5000  rpm  for 


about  JJ  minutes,  at  a  tempci.il'ire  in  the  i.in^c  be 
tween  about  0*  to  37*  C,  prclerahly  about  0*  to  4°  C. 

Tbc  precipitate  comprising  the  silica  anil  removed  con¬ 
stituents  is  again  separated  an. I  the  supernatant  plasma 
n>* v optionally  be  frozen  for  storage  Any  desired  nddi-  > 
tives  may  be  admixed.  The  product  is  filtered  through  a 
fl.22  micron  bacterial  Hltcr  and  is  ready  f«n  use  oi 
storage  under  sterile  conditions  without  preservatives 
either  at  room  temperature  or  .it  4°  ('  Although  cen¬ 
trifugal  separation  is  preferred,  the  supernatant  liquid  to 
ntay  be  separated  by  filtration. 

According  to  the  modified  form  of  treatment  illus¬ 
trated  in  FIG.  2,  the  drawn  blood  is  centrifuged  at 
alxiut  3400  rpni  for  about  15  minutes  at  about  25"  (' 
ir*d  the  precipitate  separated.  After  testing  and  pool-  is 
mg.  sterile  fumed  silica  in  admixture  with  normal  saline 
in  concentration  of  about  I  giant  silica  per  15  milliliters 
of  saline  solution  is  added  to  the  plasma  witii  stiinng  at 
room  temperature  to  a  final  concentration'  between 
about  IQ  to  50  and  preferably  about  25  to  50  grams  7<i 
silica  per  liter  of  plasma.  The  mixture  is  stirred  from  20 
minutes  to  2  hours  and  thereafter  centrifuged  or  fil¬ 
tered,  u  described.  The  silica  treated  supernatant  frac¬ 
tion.  after  separation  of  the  precipitate,  is  handled  as 
previously  described.  2S 

Horse,-  dog,  rabbit  and  human  plasma  have  been 
treated  with  fumed  silica  according  to  the  described 
methods.  The  treatment  of  plasma  in  this  manner  com¬ 
pletely  removes  fibrinogen  without  liberation  of  split 
products  or  other  pharmacologically  active  poly-pep-  lo 
tide  products.  It  removes  the  plasminogcn-plasmin 
proteolytic  enzyme  system,  It  removes  all  of  most  of  the 
£CiirC£ateab|c  beta-lipoproteins  and  thernio  denatura- 
ble  lipoproteins,  fats  and  lipids,  i.e.,  cholesterol,  triglyc¬ 
erides,  etc.  In  addition,  the  fumed  silicon  dioxide  has  15 
been  shown  to  remove  bacteria  and  herpes  virus,  traces 
ot  red  blood  eel!  membranes,  white  blood  cells  and 
Flateleu.  The  addition  of  fumed  silica  to  plasma  does 
not  have  any  effect  on  concentrations  and  activities  of 
the  enzymes  LDH,  SGOT,  and  bcta-glucuronidasc,  nor  at) 
docs  it  modify  the  level  or  activities  of  the  immuno- 
ftlohulins  IgG,  IgM,  IgA.  Plasma  coagulation  factor  II  is 
left  at  pretreatment  level. 

The  removal  of  those  most  labile  materials  w  hich  on 
ttorage  at  4*  or  25*  C  either  ate  denatured  or  form  45 
aggregates  permit  long-term  storage  of  the  silica 
treated  plasma  without  loss  of  the  biologically  active 
support  properties  of  the  plasma.  A  comparative  chem¬ 
ical  analysis  of  untreated  dog  plasma  w  ith  cryoprecipi- 
tntion  treated  plasma  and  silica  trcatcd-plusma  is  shown  ?0 
in  Table  I. 
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r>ictiM\c  testing  has  been  conducted  in  both  animal 
and  human  models  to  evaluate  the  efficacy  of  fumed 
silica  treated  plasma  for  use  iti  organ  preservation, 
treatment  ot  shock,  and  for  retention  of  biological 
support  properties  following  long  term  storage.  These 
studies  demonstrate  that  silica  treated  plasma  is  supe¬ 
rior  to  C'l’P  in  the  preservation  of  dog  kidneys  for  48  to 
120  hours  Furthermore,  silica  treated  plasma  stored 
for  one  year  at  room  temperature  still  served  as  a  supe¬ 
rior  perfusate  during  48  hour  preservation.  In  dog  kid¬ 
neys  perfused  by  hypothermic  pulsatile  perfusion  for 
4  8  hours  to  I  ?U  hours  comparing  the  silicon  dioxide 
treated  plasma  with  standard  cryoprccipitatcd  plasma 
((‘I'D.  it  w.u,  revealed  that  the  chemical  characteristics 
of  the  perfusate  and  the  physical  characteristics  of 
perfusion  were  more  stable  when  silicon  dioxide 
treated  plasma  w,(s  used  Survival  was  consistently 
better  following  autotransplantation  of  the  preserved 
kidney  and  contralateral  nephrectomy  when  the  perfu¬ 
sate  was  silicon  dioxide  treated  plasma.  Two  of  eight 
kidneys  perfused  for  120  hours  with  silicon  dioxide 
treated  plasma  had  returned  to  normal  renal  function 
by  IK  days  after  autotransplantation.  Perfusion  was 
according  to  the  system  of  Moberg  ct  al  described  in 
Lancet,  1471,  2  I40.V  These  results  arc  reported  in 
Surgery.  liyntrofoKV  Si  (fhuetrin,  June  1474,  Veil.  138, 
pp.  410-405,  incorporated  herein  by  reference. 

The  finding  that  fumed  silica  treatment  of  plasma 
removes  the  plasminogen-phsmin  system  in  addition  to 
fibrinogen,  cholesterol,  fatty  acids,  lipoproteins,  etc. 
oilers  additional  evidence  explaining  the  superior  na¬ 
ture  of  this  processed  plasma  in  organ  perfusion.  The 
presence  of  activatablc  plasminogen  in  plasma  could 
among  other  things  lead  to  the  formation  of  aggregated 
immunoglobulins,  fibrin  or  fibrinogen  split  products 
and  the  release  of  pharmacologically  active  peptides.  A 
more  critical  factor  is  the  possibility  that  plasminogen 
activated  by  urokinases  released  from  the  kidney  dur¬ 
ing  perfusion,  would  activate  all  the  plasminogen  re¬ 
sulting  in  the  injury  of  the  endothelial  lining  of  the 
capillary  vessel,  which  in  turn  could  lead  to  areas  of 
clot  formation  at  the  time  the  perfused  kidney  is  trans¬ 
planted  and  circulation  reconstituted. 

In  the  light  of  findings  that  use  of  fumed  silica  treated 
plasma  results  in  considerable  improvement  of  the 
support  media  for  long-term  perfusion,  as  compared 
with  cryoprccipitatcd  plasma,  attention  was  directed  to 
the  use  of  silica  treated  plasma  in  the  treatment  of 
hypovolemic  shock  in  clogs.  Mongrel  dogs  weighing 
between  17  to  24  kg  were  anesthetized  with  sodium 
nrethohcxital  for  induction  and  halothanc  for  mainte- 
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nance.  They  were  bled  60%  of  the  blond  volume  in  a 
one  hour  period  until  the  systolic  blood  pressure  was  40 
Thereafter,  several  groups  of  dogs  were  studied 
(8  v  >gs  per  group)  according  to  the  type  of  solution 


8 

moval  of  fibrinogen  is  not  by  way  of  polymerization  of 
fibrinogen  to  fibrin.  Comparison  of  silicon  dioxide 
tie. iicd  plasma  and  untreated  plasma  and  serum  is 
shown  in  fable  til. 
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utilized.  All  dogs  but  the  control  group  received  the 
at..;  volume  of  plasma  or  blood  extracted  during 
bleeding.  This  volume  was  administered  immediately 
following  the  one  hour  of  continuous  bleeding  Group  25 
I,  no  treatment  was  given;  Group  II,  treated  with  Ring¬ 
er's  lactate;  Group  111 .  treated  with  dog  plasma;  Group 
IV,  treated  with  human  plasmanate;  Group  V.  fresh 
whole  blood  plus  20%  Ringer's  lactate;  Group  V|, 
treated  with  dog's  scrum;  and  Group  VII,  treated  with  ^ 
plasma  prepared  by  fumed  silica  fractionation.  The 
dog’s  survival  was  followed  for  at  least  three  days  post 
rcinfusion.  Daily  IV  infusion  of  1,000  cc  of  Ringer's 
lactate  administered  to  all  survivors.  Thctcaftcr, 
norm  t  feeding  was  instituted.  The  results  arc  tab- 
ulated  ;  able  II.  Silica  treated  plasma  proved  to  be 

superior  other  protein  plasma  fractions  in  the  treat¬ 

ment  of  v  ^ovolcmic  shock. 
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There  are  several  advantages  of  fumed  silica  treated 
plasma  in  relation  to  whole  blood  or  plasma  in  the 
treatment  of  hemorrhagic  shock;  ( I )  it  can  be  stored  at 
warm  or  cold  temperatures  for  long  periods  of  time 
(one  year  or  more)  without  deterioration  of  activity;  >5 
(2)  there  arc  no  bacteria  found  after  sterilization  and 
filtering;  (3)  although  virus  have  not  hecn  identified, 
there  is  definite  evidence  the  elimination  of  herpes 
simplex;  and  (4)  there  has  been  no  sensitization  ob¬ 
served.  Therefore,  these  characteristics  favor  the  use  of  no 
silica  treated  plasma  in  the  treatment  of  hemorrhagic 
shock. 

Up  to  the  present  time,  fihiinogcn  has  only  partially 
been  removed  from  plasma  by  clotting,  salt  or  alcohol 
fractionation.  Treatment  of  plasma  with  the  synthetic  <•' 
silicon  dioxide  removes  fibrinogen  w ithoul  liberation  of 
fibrm  split  products  or  consumption  of  prothrombin. 

"  ia  coagulation  factor  II.  indicating  that  re 


It  is  apparent  that  many  modifications  and  variations 
of  this  invention  as  hereinbefore  set  forth  may  be  made 
without  departing  from  the  spirit  and  scope  thereof. 
The  specific  embodiments  described  are  given  by  way 
of  example  only  and  the  invention  is  limited  only  by  the 
let  ms  of  the  appended  claims. 

The  embodiments  of  the  invention  in  which  an  exclu¬ 
sive  property  or  privilege  is  claimed  are  defined  as 
follow's. 

1.  In  the  method  of  perfusing  kidneys  removed  by 
nephrectomy  to  preserve  the  same  pending  transplan¬ 
tation  into  a  living  body,  the  improvement  which  con¬ 
sists  in  using  as  a  perfusate  a  fumed  silica  treated 
fibrinogen-free,  plasminogcn-plasmin-free  and  lipo¬ 
protein  anJ  lipid-free  blood  plasma  product  produced 
by; 

A.  intimately  admixing  finely  divided  sterile  fumed 
silica  containing  siloxan  and  silanol  groups  at  its 
surface  with  a  blood  plasma  product  selected 
from  the  class  consisting  of  blood  plasma  and 
plasma  fractionation  products  containing  fibrino¬ 
gen.  plasminogen-plasmin  enzyme  system  and 
lipoproteins  and  lipids,  and 

It.  separating  the  silica  and  associated  fibrinogen, 
plnsminogcn-plasmin.  lipoprotein  and  lipids  from 
the  remaining  plasma  pioduct. 

2.  In  the  method  of  treating  hypovolemic  (hemor¬ 
rhagic)  and  endotoxic  shock  in  living  bodies,  the 
improvement  which  consists  in  transfusing  the  body 
with  a  fumed  silica  treated  fibrinogen-free,  plasmino- 
gen-f  lasmin-frcc  and  lipoprotein  and  lipid-free  blood 
plasma  product  produced  by: 

A.  intimately  admixing  finely  divided  sterile  fumed 
silica  containing  siloxan  and  silanol  groups  at  its 
surface  with  a  blood  plasma  product  selected 
from  the  class  consisting  of  blood  plasma  and 
plasma  fractionation  products  containing  fibrino¬ 
gen.  plasminogen-plasmin  enzyme  system  and 
•lipoproteins  and  lipids,  and 
It.  separating  the  silica  and  associated  fibrinogen, 
plasminogen-plasmin.  hpopiotcin  and  lipids  from 
the  icinaining  plasma  product. 
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[J7]  ABSTRACT 

A  method  of  isolating  and  purifying  natural,  'nnliered, 
undenatured  immune  gamma  globulin  (lgG)  for  intra¬ 
venous  administration  and  albumin  from  animal  blood 
plasma,  especially  human,  and  the  resulting  products. 
The  method  involves  the  initial  stabilisation  of  plasma 
by  treatment  with  silica,  or  the  use  of  previously  stabi¬ 
lised  plasma.  lgG  and  albumin  arc  isolated  from  the 
stabilised  plasma  by  chromatographic  reaction  with 
sterile  ion  exchange  resin  and  eluted  by  adjustment  of 
pi  I  and  ionic  strength.  The  products  are  concentrated, 
purified  further  and  packaged.  They  are  characterised 
by  high  yield  and  high  purity.  They  are  unfragmented 
and  unaggregated,  i.e.,  natural  preparation. 


15  Claim*.  1  Dratrin*  Figure 
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PREPARATION  OF  INTRAVENOUS  HUMAN'  AND 

'  animal  gamma  clobuuns  and  isolation 

OF  ALBUMIN 

The  invention  described  herein  wn  made  in  part  in  I 
the  course  of  work  under  *  grant  or  sward  from  the 
Department  of  Health,  Education  and  Welfare. 

BACKGROUND  OF  THE  INVENTION 

l,  Fteld  of  the  Invention  10 

The  invention  relates  to  a  process  for  the  fraction¬ 
ation  of  animal  blood  plasma  and  the  isolation  and  puri¬ 
fication  of  natur*  unaltered,  undenatured  immune 
gamma  globulin  amJ  albumin.  More  particularly,  the 
invention  relates  to  the  preparation  of  intravenously  IS 
injectable  human  immune  gamma  globulin. 

The  plasma  fractionation  industry  in  this  country  and 
Europe  currently  uses  the  method  of  cold  ethanol  frac¬ 
tionation  developed  by  Dr.  E,  J.  Cohn  of  Harvard  Uni¬ 
versity  in  the  )940's.  Even,  though  new  methods  of  20 
protein  separation  have  evolved  in  the  ensuing  35  years, 
the  industry  has  neither  chosen  to  gamble  on  new  meth¬ 
ods  nor  face  up  to  any  re  ;ulatory  inhibition  that  a  new 
product  faces.  As  a  result  of  this  lack  of  new  spirit,  no 
methods  have  been  developed  to  produce  a  new  large  25 
scale  system  that  would  lead  to  a  cheaper  and  better 
product.  It  has  been  demonstrated  that  there  a,e  Severe 
limitations  to  the  Cohn  method,  the  major  being  that  the 
process  does  indeed  denature  some  of  the  proteins 
which  it  attempts  to  purify  and  isolate.  30 

Several  years  have  been  spent  in  the  development  of 
methods  and  technology  for  the  preparation  and  purifi¬ 
cation  of  animal  (horse,  goat  and  rabbit  plasma  with 
antibodies  against  human  lymphocytes)  plasma.  This 
ami-lymphocyte  globulin,  a  biologic  immunosuppres-  35 
sive  agent  termed  ALG,  has  been  demonstrated  to  have 
potent  immunosuppressive  activity  against  cell  medi¬ 
ated  immunity,  the  type  of  immunity  that  causes  grafts 
to  be  rejected. 

Alter  demonstrating  the  efficacy  of  this  material  in  *Q 
animals,  it  was  sought  to  bring  this  to  the  clinic  as  an 
adjunctive  immunosuppressive  agent  in  the  manage¬ 
ment  of  the  human  renal  transplant  patients.  At  the  time 
of  clinical  application  of  this  material  it  was  .felt  that  the 
following  criteria  had  to  be  established:  safety  of  the  <5 
preparation,  a  method  for  fractionating  and  isolating 
maximal  activity  in  plasma  and  a  method  of  fraction¬ 
ation  that  would  allow  adminisi”alion  of  this  material  to 
patients  by  the  most  effective  route.  Animal  experi¬ 
ments  had  demonstrated  that  the  administration  of  the  50 
same  quantity  of  IgG  by  the  intravenous  route  was  two 
to  three  fold  more  effective  than  the  intramuscular  or 
other  route.  In  addition,  only  limited  quantities  can  be 
administered  intramuscularly  whereas  10  to  100  times  as 
much  can  be  administered  intravenously.  Therefore  it  55 
was  sought  to  produce  a  preparation  of  horse  anti-lym¬ 
phocyte  globulin  that  could  be  administered  safely  by 
the  intravenous  route.  This  was  done  with  full  knowl¬ 
edge  that  human  gamma  globulin  could  not  be  adminis¬ 
tered  by  the  intravenous  route.  M 

Early  studies  by  Good  at  Minnesota,  Janeway  at 
Harvard,  and  others,  had  demonstrated  that  the  intrave¬ 
nous  administration  of  the  Cohn  fractionated  human 
gamma  globulin  often  produced  severe  systemic  reac¬ 
tions.  The  cause  of  these  reactions  was  related  to  the  65 
high  concentration  of  aggregated  material  due  to  the 
presence  of  a  protein  denaturing  agent  found  in  the 
fraction  removed  by  the  present  invention.  As  a  result. 
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'.he  only  approved  method  for  fractionation  is  the  Cohn 
cold  ethanol  process  and  the  only  approved  route  of 
administration  of  gamma  globulin  today 'is"  the  intra¬ 
muscular  route. 

Since  intravenous  administration  of  fresh  plasma  pro¬ 
duces  no  reaction,  it  has  been  accepted  that  the  aggre¬ 
gated  materials  were  there  as  a  result  of  the  denature- 
lion  of  the  gamma  globulin  by  the  alcohol  method  and, 
therefore,  alternative  methods  were  sought  fot  the  puri¬ 
fication  and  preparation  of  the  horse  globulin  materials. 
That  this  has  been  successful,  and  that  the  goal  has  been 
achieved  of  preparing  a  safe  globulin  that  can  be  admin¬ 
istered  intravenously  in  patients,  is  supported  by  tne 
following  facts.  Up  to  the  present,  over  30,000  grams  of 
purified  horse  anti-lymphocyte  globulin  have  been  pre¬ 
pared,  This  material  has  been  administered  intrave¬ 
nously  to  over  900  renal  transplant  patients.  The  total 
experience  with  intravenous  administrations  ap¬ 
proaches  over  13,000  separate  administrations.  These 
intravenous  administrations  have  not  been  associated 
with  anv  evidence  of  reaction  at  the  time  of  administra¬ 
tion.  It  therefore  was  felt  that  the  methods  utilized  in 
the  preparation  and  isolation  of  these  horse,  goat  and 
rabbit  gamma  globulins  could  resolve  the  problems 
associated  with  the  attempts  to  produce  and  prepare 
from  human  plasma  an  intravenous  gamma  globulin  for 
use  in  treating  life  threatening  viral  and  bacterial  infec¬ 
tions. 

Since  viral  snd  bacterial  infections  constitute  the 
leading  cause  of  patient  death  in  renal  transplantation, 
methods  were  sought  that  could  be  used  to  treat  these 
severe  life  threatening  infections.  One  attractive  ap¬ 
proach  was  the  use  of  a  human  gamma  globulin  that 
could  be  administered  intravenously.  Knowing  that 
none  of  the  commercial  preparations  could  be  used  in 
this  manner,  the  possibility  was  explored  of  fractionat¬ 
ing  human  gamma  globulin  from  plasma  according  to 
the  methods  developed  for  the  fractionation  of  the  ani¬ 
mal  proteins.  It  was  found  in  general  principle  that  this 
could  be  done.  In  clmical  studies  with  this  new  IV 
human  gamma  globulin,  doses  have  been  administered 
intravenously  ranging  from  20  mg/Yg/d  y  to  200 
mg/kg/day  over  a  14  day  period.  Studies  to  date  show 
promise  of  establishing  efficacy  of  the  intravenous  ad¬ 
ministration  of  gamma  globulih  isolated  from  pooled 
human  plasma  in  the  treatment  of  life  threatening  viral 
and  bacteria)  infections’  in  immunologically  compro¬ 
mised  patients. 

2.  Description  of  the  Prior  Art 

Although  there  have  been  numerous  attempts  to  pro¬ 
duce  an  intravenously  injectable  gamma  globulin,  none 
to  out  knowledge  has  produced  a  natural,  unaltered  and 
undenatured  product.  These  efforts  are  reviewed  in 
Stephan  (Biotcst)  U.S.  Pat.  No.  3,916,026  and  Pappcn- 
hagen  et  al  (Cutter)  U.S.  Pat.  No.  3,903,262.  The  Ste¬ 
phan  patent  discloses  the  preparation  of  intravenously 
injectable  non-complement  binding  gamma  globulin  by 
treating  complement  binding  gamma  globulin  with 
beu-propiolacione.  The  Pappenhagen  et  al  patent  dis¬ 
closes  preparing  intravenously  injectable  modified  im¬ 
mune  scrum  globulin  by  cleaving  at  least  one  interchain 
disulfide  linkage  of  intact  immune  scrum  globulin  chains 
having  intact  intrachain  disulfide  linkages  and  replacing 
the  cleaved  disulfide  linkage  with  a  pair  of  alkylate 
mcrcapio  groups. 
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SUMMARY  OF  THE  INVENTION 

The  methods  and  '.ethnologies  of  the  present  inven¬ 
tion  are  characterized  by  l)  their  extreme  simplicity,  2) 
the  speed  and  rapidity  that  each  step  can  be  performed, 
3)  the  lack,  of  rigid  temperature  control  required  aince 
most  of  the  steps  can  be  carried  out  at  room  tempera¬ 
ture,  and  4)  the  fact  that  the  method  can  be  up  to 

infinitely  large  industrial  scale  volumes  at  a  fraction  of 
the  current  Cohn  costs.  In  addition,  the  products  are 
■'native”,  natural,  undenatured,  aggregate-free,  sterile, 
free  from  virus  and  can  be  isolated  in  higher  yields  than 
with  the  alcohol  fractionation  method  and  in  a  purer 
sutc. 

The  method  involves  three  basic  manipulations.  The 
first  step:  plasma  stabilization,  the  second:  isolation  and 
elution  from  ion  exchange  resins  of  gamma  globulin  and 
albumin,  and  the  third  step:  concentration,  dialysis  and 
sterile  filtration.  The  plasma  stabilization  step  comp  nice 
treatment  with  fumed  colloidal  silica  by  admixing 
plasma  with  silica  and  then  separating  stabilized  plasma 
from  the  silica  with  adsorbed  constituents.  The  stabili¬ 
zation  requires  one  hour  to  comolete  and  accomplishes 
removal  of  a  number  of  aggrcgable  and  easily  denatura- 
b!e  plasma  proteins.  Also  removed  arc  the  hepatitis 
associated  antigen  in  plasma  and  a  number  of  proteo¬ 
lytic  enzymes  and  their  precursors.  The  presence  of 


4 

over  50  patients  has  shown  no  evidence  of  passage  of 
hepatitis  virus  nor  produced  cases  of  hepatitis'. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

5  The  invention  is  illustrated  schematically,  in  flow 
sheet  form,  in  the  accompanying  drawing. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

•0  Blood  plasma  or  plasma  fractions  containing  gamma 
globulin  and/or  albumin  are  stabilized  by  treatment 
with  fumed  silica  (colloidal  synthetic  silicon  dioxide  of 
highest  quality  containing  siloxan  and  silanol  groups  on 
its  surface)  according  to  the  methods  described  in  detail 
15  in  Gondie  et  aJ  U.S.  Pal.  No.  3,998,946  or  Stephan  U.S. 
Pal.  No.  3,686,395.  The  disclosures  of  these  patents  art 
incorporated  herein  by  reference.  Fresh  or  fresh  frozen 
human  or  other  animal  blood  plasma  or  outdated  and¬ 
/or  crvoprecipitate  human  or  other  animal  plasma  may 
20  be  used.  The  plasma  product  is  intimately  admixed  with 
fumed  silica,  in  either  wet  or  dry  form,  followed  by 
separation  of  the  silica  with  its  adsorbed  lipoproteins, 
cholesterol,  triglycerides,  fibrinogen  and  plasminogen- 
plasmin  enzyme  system.  The  resulting  stabilized  puri¬ 
fied  plasma  product  may  be  stored  or  can  immediately 
be  treated  to  isolate  the  gamma  globulin  and  albumin. 

To  increase  yields,  it  is  desirable  to  resuspend  the 


these  enzymes  otherwise  can  lead  to  the  degradation 
and  aggregation  of  other  plasma  proteins  and  the  activa-  ^ 
lion  of  the  kinin  system.  The  stabilized  plasma  is  then 
ready  for  the  next  step  or  can  be  filter-sterilized  and 
i  stored  at  room  temperature  for  periods  exceeding  two 
years.  Storage  of  stabilized  plasms  at  room  temperature 
for  periods  exceeding  two  years  docs  not  alter  its  bio-  j} 
logical  support  properties  and  no  increases  in  turbidity 
or  precipitation  have  been  observed. 

The  second  step  involves  the  isolation  of  the  IgG  and 
albumin  from  the  stabilized  plasma  by  reacting  this 
material  with  a  sterile  ion  exchange  resin.  The  IgG  and  43 
albumin  are  eluted  oy  adjustments  of  pH  and  ionic 
strength.  In  addition,  pyrogenic  activity  of  plasma  is 
removed  by  these  resins.  This  ion  exchange  separation 
step  requires  approximately  40  minutes  and  results  in 
■  the  isolation  of  an  undenatured,  monomeric  (molecular 
weight  160,000)  aggregate  free  human  IgG  99%  pure, 
with  yields  of  between  60-70%.  The  I.V.  IgG  contains 
less  than  1%  aggregates  and  less  than  1%  dissociated 
materials.  The  albumin  can  then  be  recovered  with  over 
97  %  purity  and  with  yields  of  between  80-90%,  com-  50 
prred  to  the  less  than  50%  yields  of  the  Conn  method. 

The  final  step  involves  the  concentration,  dialysis,  and 
sterile  filtration  of  these  plasma  proteins.  This  final  step 
requires  between  two  to  three  hours  for  completion. 

As  illustrated  by  the  examples,  the  process  is  readily  JJ 
scaled  up  for  large  capacity  production.  Although  pro¬ 
cessing  of  lots  of  4  liters  and  100  liters  are  described  in 
detail,  lots  of  1000  liters  or  more  can  readily  be  pro¬ 
cessed  on  existing  equipment. 

The  final  products  have  been  subjected  to  the  stan-  60 
dard  quality  control  tests  that  have  been  set  forth  by  the 
Bureau  of  Biologies.  These  tests  include  testing  for 
sterility,  pyrogenic  activity,  and  tox-.city.  In  addition, 
tests  for  aggregation,  deaggregation  and  molecular 
weight  have  been  performed.  Finally,  these  materials  65 
have  been  tested  for  and  shown  to  be  free  of  hepatitis 
associ.  ted  antigen,  by  radio  immunoassay.  Intravenous 
administration  of  large  quantities  (over  30  grams)  in 


separated  silica,  to  recover  trapped  protein  from  the 
silica.  The  material  is  centrifuged  and  the  supernatant  is 
collected.  T  •  precipitate  is  desirably  washed  and  the 
wash  liquid  and  the  recovered  supernatant  are  added  to 
the  product  from  the  silica  treatment.  The  silica  treated 
materia)  is  adjusted  to  the  correct  pH  (about  7  ±  0.2), 
conductivity  (about  6.0  ±  1.0  at  22"  C)  and  volume,  by 
concentration  and  diafihration  or  dialysis  against  an 
imidazole-acetate  buffer  (pH  7.0)  in  preparation  for  ion 
exchange  treatment. 

Ahhr  gh  the  gamma  globulin  and  albumin  may  be 
isolated  from  the  silica  treated  stabilized  plasma  product 
by  column  chromatography,  it  is  preferred  to  use  a 
basket  centrifuge  for  its  greatly  increased  flow  rates.  A 
variable  speed  Centrifuge  is  used  with  speed  settings  for 
application  of  G  forces  from  about  10  to  about  250. 

The  ion  exchange  separation  utilizes  a  strongly  basic 
anion  exchanger  such  as  a  sterile  pre-swclled  modified 
dextran  with  quaternary  aminocthy!  functional  groups 
to  separate  the  gamma  globulin.  An  exemplary  material 
is  Sephadcx  QAE-50,  composed  of  dextran  chains 
cross-linked  to  give  a  three-dimensional  polysaccharide 
network  with  quaternary  aminoethyl  groups  attached 
by  ether  linkages  to  the  glucose  units  of  the  dextran 
chains.  The  silica  treated  plrsma  is  applied  tn  the  ex 
changer  bed  and  recycled.  pH  7.0  imidazolc-acctatc 
buffer  is  applied  and  pooled  with  IgG  fraction. 

Aliquots  of  pH  5.8  (±  0.1)  imidcxole-acctatt  buffer 
arc  applied,  recycled  and  discarded.  Then  aliquots  of 
pH  4,8  (:£  0  I)  imidazole-acetate  bufTer  are  applied  to 
the  QAE  bed  and  recycled  to  separate  the  albumin 
fraction.  After  elution  of  the  albumin  from  the  initial  ion 
exchanger,  the  albumin  is  purified  by  use  of  a  further  ion 
exchange  material,  a  strongly  acid  cat, on  exchanger 
such  as  a  sterile  modihed  dextran  with  sulphopropyl 
functional  groups.  An  exemplary  material,  available  as 
Sephadcx  SP-50,  is  composed  of  dextran  chains  cross- 
linked  to  give  a  three-dimensional  polysaccharide  nc. 
work  with  sulphopropyl  groups  attached  by  ether  link¬ 
ages  to  the  glucose  units  of  the  dextran  chains. 
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The  IgG  tnd  albumin  pools  arc  treated  separately. 
The  IgG  is  subjected  to  diafiltrauon  against  a  glycinc- 
vaJinc  bufTcr  and,  after  sterile  filtration,  is  bottled. 

The  albumin  from  the  QAE  chromatography  is  sub¬ 
jected  to  diafiltration  against  pH  5.2  (d:  0.1)  imidazole- 
acetate  buffer  and  then  to  tulphopropyl  chromatogra¬ 
phy.  Although  a  column  may  be  used,  a  basket  centri¬ 
fuge  is  preferred.  The  concentrated  and  purified  albu¬ 
min  is  subjected  to  final  diafiltration  against  glycine- 
saline  buffer  and,  after  sterile  filtration,  is  bottled. 


milliiicmens  at  22'  C  0  1.2-12.3);  Protein  Concentration 
—  46.5  ±  2.6;  pH  «=  7.3.'  (7.14-7  62),  1  ime  *•  2  hours 


5 - - 

%■  of  tuning  t  nt 


Volume 

-  2.92  -  0.3 

73,5 

T.P.  - 

135.1  £  M 

5f,3 

a  lb  — 

119.0  a  51.4 

75.3 

irO  - 

£  3.5 

44  6 

10 


EXAMPLE  1 

The  invention  is  further  illustrated  in  the  following 
detailed  example  of  the  preparation  of  human  IgG  and 
albumin:  13 

1.  Collection,  Storage  and  Pooling  of  Human  Plasma. 

Both  outdated  and/or  cryoprecipitate  human  plasms 
is  obtained  and  is  stored  at  —  20*  C  until  it  is  to  be  used. 
Only  hepatitis  antigen  tented  plasms  is  used.  The  plasma  jq 
b  thawed  at  room  temperature,  and  pooled,  but  not 
allowed  to  reach  room  temperature.  Properties:  Vol¬ 
ume  ««  4.0L.;  Conductivity  •=  11.4  miliisiemens  at  22' 

C  (11.1-11.8);  Protein  Concentration  ■■  ?9.2±2.8 
ing/ml;  pH  ■*  7.50  (7,43-7.86);  Time  ■*  5— 1C  minutes  jj 
(not  including  the  time  it  takes  to  thaw  the  plasma). 


Volume*:  (Starting  4.0  liter*) 

%  of  *L*runj  plasma 

T.P.  -  2)6.1  gm.  -  11.2 

100 

Alb.  -  15)  6  gm.  !£  li  t 

100 

IgG  -  37.2  gm.  -  4  4 

100 

2.  Stabilization  of  Plasma:  Removal  of  Fibrinogen. 

Plasminogen,  Plasmin,  Denatured  Immunoglobulins  ^ 
and  Lipwprotcins  Using  SiOj 

Dry’  SiO;  (AerosiJ  380,  Dcgusxa,  Inc.,  New  York)  b 
added  to  the  plasma  as  it  b  stirred  using  a  propeller 
stirrer  until  the  final  SiCB  concentration  b  20  g/L.  Al¬ 
though  stirring  is  continued  for  )  hour  ai  room  tempers-  40 
ture  after  the  SiOj  addition  is  completed,  the  reaction 
between  SiOj  and  plasma  is  essentially  completed  in  less 
than  20  minutes.  The  SiOj  and  bound  components  arc 
removed  by  centrifugation  at  6500  XG  for  30  minutes  at 
0-4*  C  or  by  passing  through  a  basket  centrifuge  or  45 
hollow  fiber  (300,000  or  molecular  weight  pore  size). 
The  supernatant  fluid  b  pxiured  off  and  saved.  The 
precipitate  b  washed  with  0.9%  NaCl  solution  to  re¬ 
cover  trapped  protein.  Altumin  loss  due  to  trappsage  in 
SiOj  ppt.  can  be  reduced  can  IgG  loss  (See  step  No.  so 
4).  Properties:  Volume  **  3.4d:0.4  L.;  Conductivity 
11.8  miliisiemens  at  22’  C  (11.3-12.1);  Protein  Concen- 


tration  «= 

54.0d:2.2;  pH  - 

7.40  (7.37-7.83);  Time  -  2 

hours. 

- 

55 

of  slanmj  plasm* 

Volume 

-  3.4  L  -  0  4 

*5.5 

T.P  . 

113.6  ±  7.5 

77.5 

Alb.  • 

123.1  £  1.5 

71,6 

IgG  - 

26.2 

3.  Second  SiOj  Treatment 

The  supernatant  fluid  from  step  No.  2  is  treated  a 
second  time  with  the  same  amount  ol  SiOj  (20  g/L.  fcs 
based  on  the  original  plasma  volume)  *s  in  step  No.  2. 
Aerosil  and  bound  components  are  removed  as  before. 
Propicrties:  Volume  -  2.92  d:  0.3;  Conductivity  1 1.6 


4.  Recovery  of  Plasma  Proteins  from  SiOj  Precipitates 
to  Increase  Yields. 

To  recover  trapped  protein  from  the  S’Oj  precipi¬ 
tates  from  steps  No.  2  and  No.  3,  the  prec.,  itatca  are 
resuspended  with  500ml  of  0.9%  NaCl  winch  is  12.5% 
of  the  original  plasma  volume  and  centrifuged  at  6100 
XG  for  30  minutes  at  CM*  C  and  ihc  supei  .satant  is 
collected.  The  precipitates  are  washer!  twice  and  the 
recovered  supernatants  arc  added  to  the  material  re¬ 
maining  after  the  second  SiOj  treatment.  Then  the  pro¬ 
cess  proceeds  to  diafiltration  step  No.  5. 


SKX  Wuto: 


SiCh  $  l  Washes 

SiOi  f2  Wei  He* 

Recovery 

%  Suning 
Flavin* 

Recovery 

%  Sun  in  j 
Plasm* 

Volume 

925  m> 

23 

100  ml 

20 

T.P. 

21.)  g. 

V 

27.5  g. 

12 

Alb. 

13.3 

II 

17.2 

II 

irG 

5.2 

14 

3.9 

10 

SrO-t  Was  ha  plu*  Poat  S»C> 

!  42  __ 

starting  plasm* 

Volume 

4  64  L 

116 

T.P. 

1*4.6  1 

71 

Alb. 

154 

91 

IfG 

25  7 

5.  Diafiltration  #  1  Against  pH  7.0  lmidazole-acctaie 
buffer  (#  1) 

The  SiOj  treated  material  is  adjusted  to  the  correct 
pH,  conductivity  and  volume  by  concentration  and 
diafiltration  (or  dialysis)  in  a  Milliporc  Pcllicon  Mem¬ 
brane  Concentrator  (Milliporc  Corp.,  Bedford,  Mass.) 
with  15  sq.  feet  of  PTGC  membrane  (10.000  da  tons 
cutoff)  or  another  similar  device  using  membranes  with 
a  molecular  weight  cutoff  of  10,000  to  50,000  d&Hons. 
Diafiltration  is  accomplished  by  adding  sterile  pH  7.0 
imidazole-acelalc  bufTer  (#1)  at  the  same  rate  as  filtrate 
b  removed.  Diafiltration  is  completed  when  the  sample 
has  reached  pH  7.0  ±  0.05  at  72*  C  and  conductivity  is 
6.0  d:  0.2  miliisiemens  at  22*  C.  Properties:  Volume  ** 
3.7  L.;  Conductivity  ■«  6.0  ±  0.2  at  22’  C.;  Protein 
Concentration  »■  50  mg/ml;  g/g  QAE  «  0.94:  pH  * 
7.0  d:  0.05;  Time  ™  )  houi. 


*7r  tuning  plasm* 


Volume 

-  3.7  L~ 

116 

T.P. 

-  IMtg 

71 

Alb. 

-  154  g 

9S 

IfG 

-  25.7  g. 

69 

6.  QAE- 50  Chromatography  (at  22’  C). 

A  Western  States  STM-1000  basket  centrifuge  with  a 
12"  X  5"  basket  lined  with  a  1  micron  polypropylene 
liner  is  loaded  with  197.2  g.  Scphadex  QAE-50  (pre- 
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•  welled  in  pH  7.0  imidazone-aceutc  butter  (#  1 ).  After 
the  bed  hu  been  picked  for  s  minutes  *t  220  XG  (1 140 
y/RPM),  the  ipecd  of  the  centrifuge  is  reduced  to  52  XG 
■.•*(350  RPM)  and  run  another  t»5  minutes.  The  note 
butter  (0  1)  applied  to  bed  through  a  Flood  Jet  )  K.1.5  J 
notlle  at  ar0.3  L. /minutes  throughout  packing  proce¬ 
dure. 

The  sample  (3.7  L.  at  50.0  mg/ml,  total  protein  —  183 
gm)  is  now  applied  at  0.3  L./min  and  recycled  twice. 
Then,  12.0  L.  of  the  same  pH  7.0  imidazole-acetate  10 
butter  (#1)  are  applied  and  pooled  with  the  sample. 

Hus  is  the  IgG  fraction,  t.O  g  at  1.6  mg/ml). 

Then  4-4 L.  aliquots  of  pH  5.8  imidazole  acetate 
butter  (03)  are  applied  —  each  aliquot  is  recycled  once. 

This  pool  is  discarded,  15 

Next  4-4  L.  aliquots  of  pH  4.8  imidazole-acetate 
buffer  (04)  are  applied  —  the  first  aliquot  is  recycled 
once.  Thu  16  L.  pool  is  the  albumin  fraction  (126  g.  at 
7.9  mg/ml).  If  the  gel  is  to  be  recycled  for  further  use, 

12  L.  of  pH  4.0  sodium  acetate  buffer  (#2)  is  applied  and  ?n 
discarded.  Time  “  4.5  -  5.0  hours.  The  basket  centri¬ 
fuge  is  run  at  50  XG.  Lower  G  forces  appear  to  be 
desirable  since  larger  quantities  of  protein/gm.  of  Se- 
phadex  can  be  applied  without  the  breakthrough  of  1 
contaminants.  25 


lobului  -  3.7% 


IpO  Pool 


Albumin  Poo! 


Volume 

15.7 

L, 

16.0 

L. 

TouJ  proton 

19.7 

C 

156.1 

1 

Proicrn  cone 

1.25 

10  7 

CT- 

pH 

7.0 

-4.9 

Conductivity 

6.2 

mS 

6.2 

mS 

Flow  mu 

0.3 

L/bujv 

0.3 

L/min. 

-A.O/G  QaE 
ol  irnmnf 

p’Mnu 

0  10 

0*0 

53.0 

<°rifC) 

II  6 

(of  Alb 

The  IgG  and  albumin  pools  are  then  treated  sepa¬ 
rately:  igG  io  sicp  (i 7;  Albumin  iu  step  jr9. 

7.  IgG  Diafiliration  #2  (at  4*  C  agrinst  glycine-saline 
butter  (05)  for  IgG 


tymacroclobul 

i»a  - 

If M  •  l.7*r 
*1  entitryr— . 

CXben  •  J.** 


10.  AJbumin  Diafiltration  02  (at  4’  C  against  pH  5.2 
imidazole-acetate  butter  (06). 

Final  Values: 


Volume 
Pro  ion 

rH 

Conti 

Fkrw  r»ir 


3  14  L. 

30  mg/ ml 
3.70  =.  0.03 
3300  mS 
I  hour 
330  mi/ bud 


1 1.  SP-50  Chromatography  (at  22*  Q. 

The  sample  is  passed  through  Sephadcx  SP-50  (pre- 
•welled)  in  pH  5.2  imidtrolc-aceuuc  butter  (06).  Basket 
centrifuge  as  described  in  step  06  or  column  may  be 
used.  AJbumin  Yield  ”  1 00%  on  thia  ttep. 

12.  AJbumin  Diafiliration  03  (at  4*  C  against 
glycine-saline  butter  (05), 

Finti  Values: 


Volumt 

frwtin 

pH 

Conductivity 

Time 

Flo-  lUir 


3.14  L 
SO  tuf/o' 

6  .K>  X  0.0 1 
13  mS 

2.5  -  3  bouri 
350  ml/min 


13.  Bottle  (miei  aictiicly  with  0.20  p  Pal!  Ultipcr  filter 
and  dispense  into  40  ml  vials).  Time  ■»  1  hour. 

Final  albumin  prcpcrtics:  pH  —  6.8;  Conductivity  ■« 
13  mS;  Prot.  Cone.  —  50  g/L;  impurities  2.1%.  The 
product  passed  I-AL,  pyrogen  and  safety  tests. 

The  vields  and  recoveries  aic  summarized  in  Table  I: 


TABLE  I 


Plumi 

SOy  t  1 

SrOj  #2 

StCHA 

WijIici 

QAE 

SP 

Volume 

4.0 

J.4X0.4 

2.92X0.3 

4  64 

_ 

_ 

%  volume 

1® 

15.5 

72.5 

116 

Tot*)  protein 

2.36x11.2 

113.6x7.5 

135.1x5.1 

114.6 

— 

— 

%  T.P. 

too 

77,5 

57.3 

71 

Albumin 

157.6x11.1 

123.1x1.5 

119.0X21.4 

154.0 

139.7 

139. 

%  clbumin 

100 

71.6 

75.3 

91 

SI. 6 

IS. 

1*C 

37.2x4.4 

26.2x5.7 

16.6X3.5 

25.7 

19.7 

— 

%  1*G 

1® 

71.2 

44  6 

69 

53.0 

Prot.  Cone. 

59.2X2.1 

54.0x27 

46.5X2.0 

29.1 

— 

— 

3^4  ml  30  mg/ml  r  0.05  13  mS 


330  ml/min 


8.  (ttltcr  sterilcly  with  0.2C  p  Pall  Ultipor  tiller  and 
dispense  into  4<_  ml  vials).  Time  =  1  hour. 

FT*.  Fmal  IgG  properties:  pH  6.8;  Conductivity  13  mS; 
\'*-,'Protein  concentration  50  g/1;  no  measurable  impurities, 
The  product  passed  LAL,  pyrogen  and  safely  tests. 

9.  Albumin 

Post  QAE  Albumin  Pool: 


The  composition  and  properties  of  the  buffers  are  set 
forth  in  Table  II: 

_ TABLE  II _ 

1  pH  7.0  Imiduolr-fcccuir 

g  imhdfcxoir 
b)00  g.  KX5»tim  •cet*<c 
£0.1  ml  6  0M  acetic  *c«d 
13  gi).  N.P.  H.O 
Cnnd  -  6  13  b.  0  !  mS  *t  27*  C 
pH  -r  7.0  -0  03 

2  pH  4  0  Sod»kfm.»cct»rc 

£32  0  g  widii'm-»ct*uic 
1220  0  ml  jfliu-wl  »cri»c  *c*d 
13  F*l  N  T  H  iO 
CoruS  *•  6*30  0  I  mS 


',v;,v  _V."-  -.-V  - 
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pH  «•  4.0*  0.03 
3  pH  3.8  ImtfUaok  ac ruu 
*.D  imfcdjjtt»k*rcfuic  I) 

S  pH  rd  with  4  0  todtum*«ceutc  (^2) 
(»4.5  L.  pH  4)  *o  13  jtti.  of  *1 


4.  pH  4.1  lmxu2oit-*eeuic 

vs 

1.0  imxliiolf-accuic  (#1) 

pH'efi  with  4.0  »odiwin-«:cUM  (0  2) 

«.  *■ 

(mV.O  L.  pH  4)  io  15  »*j.  of  #1 

5  Glycint-ttiiiK 

•  -  ", 

1265  |  plycmc 

4?g.l  i  NuCl 

15.0  (al  N.P.  HjO 

« V- 

adjuii  pH  with  5N  N»OH  lo  6.10  2:  0.05 

(It**  100  ml  N.OH) 

<3f» 


.V 


22.33  t  imxUiok 
IW  4  i  N*Ac 
51.0  ml.  pUcul  HAr 
It  L  N.P  H>0  (to  bottom  of  c*p) 
pH  «  5.20  S  0*05  Conductivity  .  5500  100  »t  2J*  C 


EXAMPLE  2 

Large  volume  preparation  of  human  intravenous 
gamma  globulin  is  illustrated  by  the  following: 

1.  Collection  of  human  plasma  from  donors 

Plasma  is  collected  from  hcahhv,  volunteer  adult 
donors.  Aseptic  techniques  are  utilised  in  the  collection 
of  this  sterile  plasma.  It  is  either  Ci-yoprecipitated  or 
outdated,  is  frozen  at  —20*  to  —70'  C  and  s»ored  ster- 
ilely  in  a  closed  storage  environment.  Individual  re¬ 
cords  are  kept  on  the  cryoprecipitated  plasma  sourccs- 
It  is  not  possible  to  always 'keep  records  on  the  pooled 
outdated  plasma.  However,  only  plasma  that  has  been 
tested  for  hepatitis  B  associated  antigen  is  used. 

2.  Preparation  of  poolc  human  plasma  for  protein 
fractionation 

Preparation  of  the  crude  human  plasma  for  fraction¬ 
ation  of  the  gamma  globulin  is  divided  into  the  follow¬ 
ing  steps:  1)  prepooling  safety  testing,  2)  pooling,  (100 
to  130  liter  pools).  Each  lot  of  plasma  is  double  checked 
to  insure  that  it  contains  no  hepatitis  B-associated  anti¬ 
gen.  Then  approximately  400-500  blood  bags  contain¬ 
ing  the  human  plasma  are  assembled,  thawed,  and 
pooled  into  a  220  liter  sterile  container.  Samples  are 
taken  at  this  stage  to  test  for  hepatitis  B-associaied  anti¬ 
gen,  and  then  against  appropriate  viruses,  bacteria  and 
fungi,  and  against  A  and  B  human  blood  group  sub¬ 
stances.  A  total  protein,  gamma  globulin  concentration, 
albumin  concentration,  pH,  and  conductivity  of  the 
pool  is  determined. 

One  hundred  liters  tre  warmed  at  room  temperature 
until  thawed.  However,  the  bags  are  immediately 
chilled  at  4’  C  so  they  never  reach  roorr  temperature. 
The  bags  arc  then  immersed  in  707c  ethanol  solution 
and  the  e*ccss  solution  is  coined  off.  Each  bag  is  cut 
open  and  the  contents  poured  fai  t  into  a  sterile  gradu¬ 
ated  cylinder,  the  volume  recorded,  and  then  poured 
into  a  sterile  220  liter  polypropylene  container.  The 
poo!  is  mixed  and  a  sample  removed  for  testing  and 
sterility.  The  container  of  plasma  is  stored  at  4‘  C  ovrr- 
r.ight  and  then  fractionated. 

3.  Fractionation  of  the  crude  pooled  plasma 

The  pooled  human  plasma  is  fractionated  according 
to  the  following  outlined  procedure: 


A.  Stabilization  of  the  plasma  by  the  addition  of 
synthetic  sterile  pyrogen  free  silicon  dioxide 

Dried,  synthetic,  sterile  silicon  dioxide  (Aerosil  380) 
is  added  to  a  final  concentration  of  40  grams/litcr  of  the 
pooled  plasma.  The  plasma  _nb  silicon  dioxide  are 
mixed  with  the  aid  of  motor  driven  rotorsr  care,  being 
taken  to  avoid  foaming  which  can  result  in  denatura- 
tion.  This  mixing  is  continued  for  one  hour  at  room 
temperature.  Following  mixing,  the  silicon  dioxide  and 
its  absorbed  plasma  proteins  are  placed  in  either  a  Beck¬ 
man  J 6  centrifuge  or  a  RC3  centrifuge  for  a  thirty  min¬ 
ute  period  and  sedimented  at  6,000  X  G.  Stabilization 
involved  the  removal  of  fibrinogen  and  any  split  prod¬ 
ucts,  the  removal  of  the  easily  denaturable  lipo-proleius 
and  associated  HLA  antigens,  and  finally  the  remv  val 
of  the  plasminogen-plasmin,  a  proteolytic  enzyme  sys¬ 
tem  which  has  been  implicated  in  IgG  aggregate  forma¬ 
tion  and  the  partial  degradation  of  gamma  globulin.  The 
20  superaate  from  the  low  speed  centrifugation  is  pooled 
and  run  through  a  high  speed  continuous  flow  rotor  at 
32,800  X  G  to  remove  any  other  aggregated  materials. 
This  step  is  accomplished  at  +4'  C  at  a  rate  of  350 
ml/minute.  The  rotor  is  sterilized  with  70 %  ethanol  and 
rinsed  with  non-pyrogenic  water  prior  to  use.  A  post 
HSS  sample  is  removed  for  biuret  protein  concentration 
determination. 


10 


15 


25 


B.  Dialysis  and  concentration  ci  the  post  silicon  dioxide 
jq  stabilized  treated  plasma  pool 

Following  the  high  speed  spin,  the  protein  concentra¬ 
tion  of  the  sample  is  adjusted  to  50  g/1  and  diafiltrated 
with  pH  7.0  imidazole  aceta'e  buffer  (pH  =  7.00  ±  0.05 
and  conductivity  «=  6.0  ±  0.1  mS  at  22'  C).  One  of  two 
35  methods  may  be  used: 

i.  Using  an  Amicon  DC-30  unit  with  three  cartridges 
with  surface  areas  each  10  sq.  ft.  with  a  50,000  MW 
cutoff,  the  poo)  is  concentrated  to  about  50  g/1.  Diafil- 
tration  ij  then  accomplished  by  adding  the  imidazole- 
40  acetate  buffer  through  a  sterile  0.20  micron  Pall  Ultipor 
DFA  3001  ARP  filter  (a  non-asbestos,  non-glass  fiber 
containing  filler)  tc  the  pool  as  the  concentration  con¬ 
tinues,  so  that  the  volume  remains  constant.  The  opera¬ 
tion  is  concluded  when  the  sample  has  a  pH  of  7.0  ± 
45  0.05  and  conductivity  of  6.0  ±  0.1  mS.  This  is  usually 
accomplished  after  3-4  volumes  of  buffer  have  been 
added.  The  DC-30  is  cleaned  wim  a  0.1  N  NaOH  and 
0.05%  sodium  hypochlorite,  rinsed  with  a  large  volume 
of  non-pyrogenic  HiO  and  stored  in  25%  ethanol. 

5°  ii.  This  method  is  similar  to  method  i  but  uses  a  Mil- 
lipore  Pellicon  Apparatus  equipped  with  25  sq.  ft  of 
membrane  with  a  10,000  MW  cut-off.  The  same  proce¬ 
dure  is  followed  and  the  Pellicon  is  cleaned  with  0.1 
NaOH,  then  5%  acetic  acid,  rinsed  with  non-pyrogenic 
55  HjO  and  stored  in  25%  ethyl  alcohol 

In  both  methods  i  and  ii  samples  of  the  pool  and  the 
filtrate  are  collected  for  biuret  protein  concentration 
determination. 

60  C.  Sterile  filtration  ol  the  pool  through  0.22  micron 
Millipore  of  Pall  fillers  as  an  intermediate  sterilization 
step  in  the  procedure 

D.  Fractionation  of  human  gamma  globulin 
i.  QAE  Sephadex  columns 

Anion  exchange  chromatography  is  done  using  four 
16  1  bed  capacity  stacks  containing  about  650  g  each 
Sephadex  QAE  A50  gel  swelled  in  2.87  mS  pH  7.0  ± 
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U.05  imidazolc-aceutc  buffer  containing  25 rTc  ethanol 
■.  1  nc  slacks  and  all  the  tubing  arc  sterilized  by  leaving 
them  in  this  bufier  for  at  least  24  hours  The  bufTcr  is 
washed  out  just  prior  to  use  with  starting  buffer  filtered 
through  n  sterile  0.2  micron  Pall  filter.  The  stacks  are  5 
arranged  in  pura'lel  flou,  and  the  flow  rate  is  kept  con¬ 
stant  at  150  ml/inin/stack  using  gravity  as  the  driving 
force.  The  sample,  previously  diafiltrated  to  meet  speci¬ 
fied  conditions  of  pH  7.0  ri:  0.05  and  conductivity  ol  6.0 
zc  0. 1  mS  at  22*  C  is  spun  at  6,500  X  G  for  30  min.  at  22‘  10 
C  and  then  applied  to  the  top  of  the  stacks  and  samples 
are  collected  in  sterile  4.0  1  graduated  cylinders.  The 
column  is  monitored  by  following  the  absorbance  at  280 
nm  of  the  protein  peak.  After  i  of  the  sample  has  been 
applied,  the  rest  of  the  protein  unbound  to  the  gel  is  15 
washed  out  using  the  sterile  pH  7.0  imidazole-acetate 
buffer.  The  protein  is  pooled  into  a  sterile  polypropyl¬ 
ene  container  and  stored  at  4*  C  until  the  second  half  of 
the  sample  can  be  added  to  it.  The  stacks  are  recycled 
by  pinning  at  2  bed  volumes  of  pH  5.0  0,1  ionic  strength  20 
acetate  buffer,  2  bed  volumes  of  pH  4.0  0.1  ionic 
strength  acetate  buffer,  and  3  bed  volumes  of  pH  7.0  0.1 
ionic  strength  imidazole-acetate  buffer.  All  buffers  are 
made  up  of  sterile  pyrogen  deionized  distilled  water  and 
sterile  filtered  just  prior  to  use.  The  second  half  of  the  25 
sample  is  then  spun,  applied  to  the  column  and  eluted  in 
the  same  manner  as  Lhe  first  half.  The  pH  7  protein 
peaks  from  both  runs  are  pooled  and  treated  further  and 
the  stacks  are  dismantled  and  repacked  using  new  res¬ 
ins.  I  30 

ii.  High  G  force  basket  centrifuge  QAE 
chromotography 

A  variable  speed  basket  centrifuge  equipped  .with  a 
one  hundred  1.  capacity  is  lined  with  a  one  micron  35 
polypropylene  liner  and  loaded  with  about  3950  g  of 
QAE-50  Sephadex.  The  liner,  rotor,  tubing,  and  .all 
pans  are  sterilized  cither  by  autoclaving  or  soaking  in 
7092  ethanol  prior  to  use.  The  Sephadex  is  pre-swelled 
and  sterilized  in  pH  7.0  T.  0.05  and  0.1  ionic  strength  40 
imidazole-acetate  bufTcr  containing  25%  ethanol.  After 
the  Sephadex  bed  has  been  packed  for  about  five  min¬ 
utes  at  220  X  G  (1 140  RPM),  the  speed  of  the  motor  is 
reduced  to  52  X  G  (550  RPM)  and  run  another  five 
minutes.  Imidazole-acetate  buffer  without  ethanol  is  <5 
applied  to  the  bed  through  a  Flood  Jet  J  KSS  35  at  7 
pounds  pressure  or  1  K12  stainless  steel  nozzle  at  about 
7.5  1/min  throughout  the  packing  procedure.  After  the 
bed  is  equilibrated  with  the  bufTcr,  50  1  of  sample  are 
applied  and  recycled  twice  (8  to  10  minutes  each  —  50 
total  20  minutes').  Then  imidazole-acetate  bulTer  is 
flushed  through  the  get  and  added  to  the  sample.  The 
Sephadex  is  reclaimed  by  applying  ph  4.0  and  0.1  ionic 
strength  sodium-acctale  to  the  bed  to  remove  waste 
proteins.  The  bed  is  reequilibrated  as  above,  and  the  55 
next  50  1  of  sample  may  be  applied  as  above.  The  protein 
from  both  runs  is  pooled,  mixed,  and  a  sample  removed 
for  biuret  protein  concentration  determination.  It  is 
then  diafiltrated  against  glycine  saline  buffer  (pH  = 

6.80  it  0.05  and  conductivity  =  13  rr.S)  until  the  pH  =  60 
6.80  —  0.05  and  the  conductivity  =  12  -  15  mS.  Sam¬ 
ples  of  the  poo!  and  filtrates  are  collected  for  biuret 
protein  concentration  determination.  Total  time  is  less 
than  one  hour. 
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E.  High  speed  spin 

The  pool  is  now  high-speed  spun  in  a  Beckman  J-21B 
centrifuge  with  a  jCF-2  flow  through  rotor  at  32,800  X 


G  and  4*  C  at  a  flow,  rate  of  350  ml/min.  The  rotor  is 
sterilized  with  70%  ethanol  and  rinsed  with  non-pyro- 
genic  H;0  prior  to  use.  A  sample  is  removed  for  biuret 
protein  concentration  determination, 

F.  Sterile  nitration 

Immediately  following  the  high-speed  spin,  the  pool 
is  prefiltered  in  preparation  for  tottling  through  a  0.20 
micron  Pall  Ultipor  DFA  3001  ARP  filter  (a  nor.-asbe- 
stos,  non-glass  fiber  containing  filter)  which  has  been 
autoclaved  at  132*  C  for  one  hour.  It  is  then  final  fil¬ 
tered  through  another  sterile  .20  micron  Pal!  filter  and 
then  through  a  Millipore  0.45  micron  HAWP  14250 
membrane  filler  which  has  been  autoclaved  at  121  de¬ 
grees  for  20  minutes.  Sterile  technique  is  carefully  fol¬ 
lowed  during  all  stages  of  this  operation.  Tne  0.45  mi¬ 
cron  membrane  filler  is  sterile) y  transferred  to  and  cul¬ 
tured  in  1000  ml  of  TSB  culture  media  for  7  days.  A 
sample  of  this  culture  is  assayed  for  sterility  on  day  7. 

4.  Bottling,  storage,  and  packaging 

The  intravenous  immune  serum  globulin  (human)  is 
sterile  filled  into  40  ml  vials  which  have  been  previously 
washed  in  non-pyrogenic  distilled  water  and  steam 
autoclaved  for  sterility.  Sterilization  of  the  immune 
scrum  globulin  (human)  is  obtained  either  by  Millipore 
filtration  using  a  sterilized  .45  micron  prefiltcr  and  a 
0.22  micron  final  filler  or  by  a  Pall  filter  system  starting 
with  a  .45  micron  prefilter  and  a  0.22  micron  final  filter. 
The  filtered  intravenous  immune  serum  globulin  (hu¬ 
man)  is  collected  and  automatically  pipetted  into  40  ml 
bottles.  These  are  sterilely  capped  and  scaled.  The  bot¬ 
tled  material  is  labeled,  &nd  stored  for  2  weeks  at  either 
—  20*  C  or  3  to  5*  C  until  all  tests  have  been  completed. 
If  ail  tests  are  passed,  it  is  approved  for  administration. 

The  multiple  injection  40  ml  vials  are  individually 
labeled  with  proper  label,  lot  number,  and  expiration 
date  according  to  Section  73.50  Public  Health  Service 
regulations.  They  are  placed  in  stainless  steel  locked 
boxed  for  refrige,  atior.  at  —20*  C  or  3*  to  5*  C.  When 
removed  for  distribution,  the  labeled  vial  is  individually 
packed  in  a  labeled  box  with  lot  number,  expiration 
date,  and  Information  Leaflet  according  to  Section 
73.52  Public  Health  Service  regulations. 

The  IgG  product  is  fully  capable  of  intravenous  ad¬ 
ministration  without  adve-se  reaction  or  effect.  The 
advantages  to  be  gained  by  the  use  of  an  intravenous 
human  IgG  that  has  not  been  denatured  by  preparation, 
or  altered  by  chemical  or  enzymatic  processes  include 
the  following.  1)  prolonged  half-life  in  the  circulation, 
2)  higher  maximal  levels  following  intravenous  adminis¬ 
tration,  3)  maxima)  therapeutic  acrivity,  4)  no  systemic 
reactions,  and  5)  painless  route  of  administration  allow¬ 
ing  for  10  to  50  fold  increase  in  dosage  compared  with 
o'her  routes.  Intravenous  human  IgG  prepared  by  the 
described  methods  has  been  tested  clinically  in  doses 
ranging  from  20  mgAgyday  for  ten  days  to  200 
mg/kg/day  for  six  days.  The  purpose  in  using  the 
higher  dose  range  was  to  achieve  complete  replacement 
of  the  total  body  IgG  pool,  In  clinical  trials,  this  high 
dose  treatment  schedule  resulted  in  1 1  of  13  patients 
with  CMV  interstitial-pncummonitus  making  complete 
recoveries.  This  is  noteworthy,  since  past  experience 
with  this  disease  indicated  that  it  was  uniformly  fatal. 
The  total  experience  is  with  over  500  intravenous  injec¬ 
tions  of  this  preparation  with  no  undesirable  side  effects 
or  reactions.  Studies  are  proposed  to  use  hyper-immune 
intravenous  IgG,  for  not  only  prophylaxis  but  therapy 
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of  (i  number  of  viral  and  bacterial  life  threatening  infec¬ 
tions. 

Albumin  is  isolaied  in  significantly  greater  yields  and 
punty  than  with  the  alcohol  method.  The  described 
process  makes  possible  a  superior  product  at  markedly  5 
reduced  costs. 

In  summary,  a  new  methodology  has  been  developed 
for  human  plasma  fractionation.  The  methods  and  tech¬ 
nology  can  be  characterized  by  1)  their  simplicity,  2) 
the  speed  that  each  step  can  be  performed,  3)  the  lack  of  10 
rigid  temperature  requirements,  since  most  of  the  pro¬ 
cesses  can  be  carried  out  at  room  temperature,  4)  the 
ease  in  scaling  up  to  large  industrial-scale  volumes,  5) 
the  removal  of  pyrogens  and  hepatitis  associated  anti¬ 
gen  from  plasma  (at  two  stages  cr  steps  in  the  proce- 
dure),  and  7)  the  isolation  of  undenatured  natural  mate¬ 
rial  of  highest  purity  and  in  significantly  greater  yields 
than  can  be  accomplished  with  the  current  industnal- 
scale  alcohol  procedures. 

It  is  apparent  that  many  modifications  and  variations  ^ 
of  this  invention  as  hereinbefore  set  forth  may  be  made 
without  departing  from  the  spirit  and  scope  thereof. 
The  specific  embodiments  described  are  given  by  way 
of  example  only  and  the  invention  is  limited  only  by  the  ^ 
terms  of  the  appended  claims. 

The  embodiments  of  the  invention  in  which  an  exclu¬ 
sive  property  or  privilege  is  claimed  are  defined  as 
follows: 

1.  A  method  of  isolating  and  purifying  natural  im-  jq 
mune  gamma  globulin  for  intravenous  use  and  albumin 
from  blood  plasma,  which  method  comprises: 

(A)  intimately  admixing  a  human  blood  plasma  prod¬ 
uct  containing  gamma  globulin  and  albumin  and 
contaminating  blood  proteins,  lipids,  lipoproteins 
and  proteolytic  enzymes  with  finely  divided  sterile 
fumed  silica, 

(B)  separating  me  silica  with  adsorbed  contaminating 
blood  proteins,  lipids  and  lipoproteins  from  the 
remaining  stabilized  plasma  product, 

(C)  adju'ring  'he  pH  of  the  stabilized  plasma  product 
to  about  pH  6.8  to  7.2  and  the  conductivity  to 
about  5  to  7  (at  22‘  C), 

(D)  applying  the  stabilized  plasma  product  to  a 
strongly  basic  anion  exchanger  and  separating  puri-  45 
Tied  gamma  globulin  (herefrom, 

(E)  eluting  the  albumin  from  the  anion  exchanger  by 
applying  a  buffer  of  about  pH  4.7  to  4.9  thereto, 
and 

(F)  applying  the  eluted  albumin  to  a  strongly  acid  50 
cation  exchanger  and  separating  purified  albumin 
therefrom. 

2.  A  method  according  to  claim  1  wherein  the  sepa¬ 

rated  gamma  globulin  is  recycled  to  the  anion  ex¬ 
changer  at  least  once.  55 

3.  A  method  according  to  claim  1  wherein  a  buffer  of 
about  pH  5.7  to  5.9  is  applied  to  the  anion  exchanger 
after  separation  of  gamma  globulin  and  before  elution  of 
albumin,  and  discarded. 

4.  A  method  according  to  claim  1  wherein  said  60 
gamma  globulin  is  funher  purified  by  diafiliration  and 
sterile  filtration. 

5.  A  method  according  to  claim  1  wherein  said  albu¬ 

min  is  further  purified  by  diafiliration  and  sterile  filtra¬ 
tion.  65 
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6.  A  method  according  to  claim  1  wherein  said  ion 
exchanger  treatments  are  earned  out  in  a  basket  centri¬ 
fuge  under  high  gravity  force  chromatography. 

7.  A  method  according  to  claim  1  wherein: 

(A)  said  stabilized  plasma  product  is  applied  to  a 
strongly  basic  anion  exchanger  in  a  basket  centri¬ 
fuge,  separated,  recycled  at  least  once  and  resepa- 
raied, 

(B)  a  bufTcr  of  about  pH  5.7  to  5,9  is  applied  to  the 
anion  exchanger  and  discarded. 

(C)  said  eluted  albumin  is  applied  to  a  strongly  acid 
cation  exchanger  in  a  basket  centrifuge  and  sepa¬ 
rated,  and 

(D)  said  gamma  globulin  and  albumin  are  further  and 
separately  r  jrified  by  diafiliration  and  sterile  filtra¬ 
tion. 

8.  A  method  of  isolating  and  purifying  immune 
gamma  globulin  for  intravenous  use  and  albumin  from  a 
silica  stabilized  blood  plasma  product  containing 
gamma  globulin  and  albumin,  which  method  comprises: 

(A)  adjusting  the  pH  of  the  stabilized  plasma  product 
to  about  pH  6.8  to  7.2  and  the  conductivity  to 
about  5  to  7  (at  22*  C), 

(B)  applying  the  stabilized  plasma  product  to  a 
strongly  basic  anion  exchanger  and  separating  puri¬ 
fied  gamma  globulin  therefrom, 

(C)  eluting  the  albumin  from  the  anion  exchanger  by 
applying  a  buffer  of  about  pH  4.7  to  4.9  thereto, 
and 

(D)  applying  the  eluted  albumin  to  a  strongly  acid 
cation  exchanger  and  separating  purified  albumin 
therefrom. 

9.  A  method  according  to  claim  8  wherein  the  sepa¬ 
rated  gamma  globulin  is  recycled  to  the  anion  ex¬ 
changer  at  least  once. 

10.  A  method  according  to  claim  8  wherein  a  buffer 
of  about  pH  5.7  to  5.9  is  applied  to  the  anion  exchanger 
after  separation  of  gamma  globulin  and  before  elution 
of  albumin,  and  discarded. 

11.  A  method  according  to  claim  8  wherein  said 
gamma  globulin  is  further  purified  by  diafiltration  and 
sterile  filtration. 

12.  A  method  according  to  claim  8  wherein  said  albu¬ 
min  is  further  purified  by  diafiliration  and  sterile  filtra¬ 
tion. 

13.  A  method  according  to  claim  8  wherein  sai-  ion 
exchange  treatments  are  carried  out  in  a  basket  centri¬ 
fuge  under  high  gravity  force  chromatography. 

14.  A  method  according  to  claim  8  wherein: 

(A)  said  stabilized  plasma  product  is  applied  to  a 
strongly  basic  anion  exchanger  in  a  basket  centri¬ 
fuge,  separated,  recycled  at  least  once  and  resepa¬ 
rated, 

(B)  a  buffer  of  about  pH  5.7  to  5.9  is  applied  to  the 
anion  exchanger  and  discarded, 

(C)  said  eluted  albumin  is  applied  to  a  strongly  acid 
cation  exchanger  in  a  basket  centrifuge  and  sepa¬ 
rated,  and 

(D)  said  gamma  globulin  and  albumin  arc  further  and 
separately  purified  by  diafiltration  and  stei  ile  filtra¬ 
tion. 

15.  A  method  according  to  claim  1  wherein. said 
blood  plasma  product  is  admixed  with  finely  divided 

ster  ic  fumed  silica  in  wet  form. 

•  •  •  *  • 
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PURE  INTRAVENOUS  HUMAN  AND  ANIMAL 
GAMMA  GLOBULINS 

This  application  is  a  continuation-in-part  of  my  prior  5 
application  Ser.  No  829,565,  filed  Aug.  31,  1977,  now 
U.S.  Pat.  No.  4,136,094,  issued  Jan.  23,  1979. 

BACKGROUND  OF  THE  INVENTION 

FIELD  OF  THE  INVENTION  10 

The  invention  re1  ues  to  isolated  and  purified  natural, 
unaltered,  nndenatured  immune  gamma  globulin  pre¬ 
pared  by  the  fractionation  of  animal  blood  plasma. 
More  particularly,  the  invention  relates  to  intrave¬ 
nously  injectable  human  immune  gamma  globulin.  15 

SUMMARY  OF  THE  INVENTION 

In  my  aforesaid  copending  application  Ser.  No. 
829,565,  U.S.  Pat.  No.  4,136,094  whose  disclosure  is 
incorporated  herein  by  reference,  there  is  described  and  20 
claimed  a  method  for  producing  the  intravenous  gamma 
giobulins  of  the  present  invention.  The  products  are 
“native",  natural,  undenatured,  aggregate-free,  sterile, 
free  from  virus  and  can  be  iso'ated  in  higher  yields  than 
with  the  alcohol  fractionation  method  and  in  a  purer  25 
state. 

The  method  involves  three  basic  manipulations.  The 
first  step:  plasma  stabilization,  the  second:  isolation  and 
elution  from  ion  exchange  resins  of  gamma  globulin  and 
albumin,  and  the  third  step:  concentration,  dialvsis  and  30 
sterile  filtration.  The  plasma  stabilization  step  comprises 
treatment  with  fumed  colloidal  silica  by  admixing 
plasma  with  silica  and  then  separating  stabilized  plasma 
from  the  silica  with  adsorbed  constituents.  The  stabili¬ 
zation  accomplishes  removal  of  a  number  of  aggregable  35 
anu  easily  dcnaturable  plasma  proteins.  Also  removed 
are  the  hepatitis  associated  antigen  in  plasma  and  a 
number  of  proteolytic  enzymes  and  their  precursors, 
which  can  lead  to  the  degradation  and  aggregation  of 
other  plasma  proteins  and  the  activation  of  the  kinin  40 
system. 

The  second  step  involves  the  isolation  of  the  IgG  and 
albumin  from  the  stabilized  plasma  by  .reacting  this 
material  with  a  sterile  ion  exchange  resin.  The  IgG  and 
albumin  are  eluted  by  adjustments  of  pH  and  ionic  45 
strength.  In  addition,  pyrogenic  activity  of  plasma  is 
removed  by  these  resins.  This  ion  exchange  separation 
step  results  in  the  isolation  of  an  undenatured,  mono¬ 
meric  (molecular  weight  160,000)  aggregate  free  human 
IgG  99%  pure,  with  yields  of  between  60-70%.  The  50 
I.V.  IgG  contains  less  than  1%  aggregates  and  less  than 
1%  dissociated  materials.  The  final  step  involves  the 
concentration,  dialysis,  and  sterile  filtration  of  the  IgG 
and  albumin. 

The  final  products  have  been  subjected  to  the  stan-  55 
dard  quality  control  tests  that  have  been  set  forth  by  the 
Bureau  of  Biologies.  These  tests  include  testing  for 
sterility,  pyrogenic  activity,  and  toxicity.  In  addition, 
tests  for  aggregation,  deaggregation  and  molecular 
weight  have  been  performed.  Finally,  these  materials  60 
have  been  tested  for  and  shown  to  be  free  of  hepatitis 
associated  antigen,  by  radio  immunoassay.  Intravenous 
administration  of  large  quantities  (over  30  grams)  in 
over  50  patients  has  shown  no  evidence  of  passage  of 
hepatitis  virus  nor  produced  cases  of  hepatitis.  65 

Blood  plasma  of  man  and  mammals  contains  more 
than  100  proteins,  many  of  which  do  not  have  as  yet 
recognized  functions.  Some  of  these  proteins  are  com- 
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ponents  of  multi-enzyme  systems  such  as  the  comple¬ 
ment  pathway,  blood  coagulation,  and  the  fibrolytic 
and  kininogen  systems.  Other  plasma  protein  systems  of 
great  physiologic  and  medical  importance  include  the 
immunoglobulins.  The  immunoglobulins  differ  from  all 
other  plasma  proteins  in  their  multiplicity,  their  hetero¬ 
geneity,  their  genetic  control,  their  antibody  specificity, 
and  their  biologic  effector  functions.  Immunoglobulins 
are  defined  as  multifunctional  proteins  that  arc  en¬ 
dowed  with  both  known  antibody  specificity  and  bio¬ 
logic  effector  functions.  Further  immunoglobulins  are 
endowed  with  structural  features  that  control  and  or¬ 
chestrate  a  number  of  critical  biologic  effector  mecha¬ 
nisms  through  interactions  with  the  complement,  fibri¬ 
nolytic,  coagulation,  and  kininogen  system  of  the  blood 
plasma.  Whether  these  biologic  effector  functions  serve 
the  host  or  result  in  harmful  systemic  reactions  is  deter¬ 
mined  by  the  state  of  the  immunoglobulin  molecule. 
Native  immunoglobulins  serve  th :  host  under  normal 
conditions  whereas  i.ltered  or  denatured  immunoglobu¬ 
lins  result  in  the  generation  and  triggering  of  potent, 
damaging  systemic  reactions. 

Immunoglobulins  are  formed  by  the  lymphoid  cell 
system  of  vertebrates  and  circulate  in  the  blood  plasma. 
They  migrate  electrophoretically  as  gamma  globulins, 
but  usually  are  very  heterogenous,  ranging  to  the  beta 
globulins.  There  are  five  classes  of  immunoglobulins 
with  the  IgG  class  making  up  the  majority  of  the  circu¬ 
lating  immunoglobulins  as  well  as  con'  aining  the  major¬ 
ity  of  the  specific  protective  antibodies  in  the  immuno¬ 
globulins  of  the  plasma. 

Isolation  and  purification  of  the  native  IgG  protein 
from  the  over  100  different  proteins  in  plasma  has  pres¬ 
ented  as  yet  unresolved  major  obstacles  in  protein  frac¬ 
tionation.  These  include  isolation  of  the  IgG  molecule 
in  its  native  state  free  of  denaturation,  and  isolation  in  a 
highly  purified  state  free  of  any  fragments  or  activated 
peptides  that  have  been  shown  to  develop  during  vari¬ 
ous  fractionation  procedures.  (Activated  peptides  have 
marked  pharmacologic  effects  when  injected  into  man 
and  can  produce  severe  reactions  at  nanogram  levels. 
Denatured  IgG  activates  the  complement  pathway, 
portions  of  the  blood  coagulation  and  kininogen  sys¬ 
tems  resulting  in  the  production  of  severe  systemic 
reactions.) 

CURRENT  LICENSED  PROCEDURE  FOR  . 

FRACTIONATION  OF  HUMAN  IgG 

The  only  licensed  procedure  for  the  fractionation  of 
human  plasma  at  the  present  time  is  the  Cohn  cold 
alcohol  method.  This  procedure  results  in  the  separa¬ 
tion  of  the  three  major  blood  proteins  for  therapeutic 
use:  albumin — the  major  regulator  of  osmotic  pressure 
and  plasma;  fibrinogen — principle  in  the  blood  coagula¬ 
tion  system;  and  gamma  globulins — the  antibody  con¬ 
taining  fractions.  Fractionation  of  proteins  by  this  pro¬ 
cess  and  others  involving  protein  precipitants  or  ion 
exchange  chromatography  have  n.et  wiih  limited  suc¬ 
cess.  A  significant  body  of  evidence  has  accumulated 
which  demonstrates  that  the  proteins  isolated  are  not 
natural,  native  products,  but  have  been  denatured  ex¬ 
tensively.  The  Cohn  cold  ethanol  method  depends  upon 
balancing  the  precipitating  action  of  the  organic  solvent 
with  the  solvent  actions  of  the  electrolytes  present 
while  controlling  for  five  independent  variables, 
namely  electrolyte  concentration,  alcohol  concentra¬ 
tion,  hydrogen  ion  concentration,  temperature,  and 
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protein  concentration.  To  the  extent  that  these  variables 
are  controlled  depend  the  purity,  yield,  and  the  extent 
of  denaturation  of  each  plasma  protein  isolated. 

Gamma  globulins  and  IgG  isolated  by  these  precipi¬ 
tation  or  ion  exchange  methods  must  be  administered  5 
intramuscularly.  Intravenous  administration  results  in  a 
series  of  undesirable  side  effects  which  include  ery¬ 
thema,  vomiting,  abdominal  pain,  fever,  collapse  and 
loss  of  com ciousness.  In  marked  contrast,  the  native 
IgG  of  fresh  human  plasma  may  be  administered  intra-  10 
venously  with  no  untoward  reactions.  Therefore,  the 
methods  to  isolate  a  native  product  must  produce  an 
IgG  that  has  the  same  if  not  similar  properties  of  IgG  in 
fresh  plasma. 

PRESENT  KNOWLEDGE  OF  THE  NATIVE  IgG  15 
MOLECULE 

While  extensive,  detailed  information  has  been  pub¬ 
lished  characterizing  the  primary,  secondary,  tertiary, 
and  quaternary  structure  of  the  IgG  molecule,  no  docu-  20 
mentation  exists  demonstrating  that  IgG  isolated  ?.nd 
utilized  in  these  structural  studies  retains  its  biological 
effector  function  similar  to  that  of  the  native  molecule 
of  fresh  plasma.  The  standards  for  characterization  of 
•he  isolated  nati  /e  IgG  molecule  must  therefore  include  25 
not  only  structural  details,  but  comparative  evidence  of 
its  biologic  behavior  with  reference  to  the  native  IgG  in 
fresh  plasma. 

These  biologic  and  structural  parameters  include:  (1) 
native  electrophoretic  range,  (2)  native  IEP  (isoelectric  30 
point)  range,  (3)  evidence  that  neither  new  chemical 
groupings  have  been  added  nor  native  chemical  groups 
removed  or  altered,  (4)  one-half  time  or  turnover  time 
in  the  circulation  of  three  weeks,  (5)  low  anticomple¬ 
mentary  activity,  (6)  molecular  •  ’eight  of  160,000,  (7)  35 
no  aggregates  or  low  molec.iar  ..agments,  (8)  resis¬ 
tance  to  limited  protcolys."  f-iicativc  of  a  non- 
denatured  native  state),  (°,  ,  '•■irtia'  Meolvtic 

damage  by  activated  pi"  „  >  ,'u  min,  a  .  v»v)  safe  for 
intravenous  injection  in  la,  •  uantities.  40 

Stated  differently,  intrav  ious  infusion  of  fresh 
plasma  is  safe,  the  IgG  is  not  anticomplementary,  and 
has  a  turnover  of  approximately  three  to  four  weeks 
When  plasma  is  fractionated  by  the  current  licensed 
cold  ethanol  procedure  of  E.  J.  Cohn,  b)  ammonium  45 
sulfate  precipitation,  by  ethylene  glycol  precipitation, 
or  by  a  combination  of  these  or  with  DEAE  ion  ex¬ 
change  chromatography,  the  IgG  isola'ed  does  not 
retain  the  same  physiologic  characteristics  it  possessed 
while  part  of  the  fresh  plasma.  Upon  intr-.--  "us  a., 
ministration,  these  preparations  fr-c:.  u-.  icsul; 
fever,  abdominal  pain,  vomiting,  loss  of  consciousness, 
and  circulatory  collapse.  Over  25%  of  the  injected 
material  is  cleared  from  the  circulation  within  minutes, 
with  the  remainder  having  a  turnover  time  of  less  than  55 
three  weeks.  All  of  the  above  fractionation  procedures, 
while  isolating  and  concentrating  the  predominant  neu¬ 
tralizing/protective  antibodies  as  evidenced  by  in  vitro 
neutralizing  assays,  impair  the  biologic  effectiveness  of 
the  IgG  molecule  by  virtue  of  altering  the  native  physi-  60 
ologic  state  of  IgG.  The  IgG  isolated  contains  aggre¬ 
gated  IgG,  in  quantities  which  indicate  extensive  dena- 
turation.  Up  to  25%  of  IgG  aggregates  are  contained  in 
commercial  preparations  as  well  as  by  those  prepared 
on  a  small  sda’e.  During  the  iso.ation  procedure  there  is  65 
also  evidence  that  plasminogen  of  plasma  is  activated  to 
plasmin  and  has  partially  degraded  the  IgG  molecule, 
leading  to  aggregation  and  structural  alterations  re¬ 


flected  by  alterations  in  effector  functions  of  the  IgG 
molecule.  These  include  altered  anticomplementary 
activity,  shortened  turnover  time  or  half  life,  and  activa¬ 
tion  of  the  blood  coagulation  and  kininogen  systems  in 
the  body  on  intravenous  injection  resulting  in  a  shock¬ 
like  syndrome. 

STRUCTURE  AND  FUNCTION  OF  THE  IgG 
MOLECULE 

The  IgG  molecule  has  a  molecular  weight  of  160,000 
Daltons.  It  is  predominantly  protein,  but  contains  3% 
carbohydrate.  IgG  differs  from  protein  enzymes  which 
hav;  served  as  model  proteins  in  that  IgG  molecules  are 
biologically  active  proteins  carrying  out  many  different 
biologic  functions.  These  biological  functions  include 
the  primary  function — combination  of  the  IgG  mole¬ 
cule  with  antigen,  and  secondary  or  effector  functions 
such  as  immunoglobulin  or  IgG  turnover,  placental  and 
gut  active  transport  of  the  IgG  molecule,  activation  of 
complement  by  the  IgG  molecule,  cytophilic  reactions 
involving  the  IgG  molecule,  metabolism  and  transport 
of  the  IgG  molecule  including  functions  which  deter¬ 
mine  its  half  life  in  the  circulation,  and  finally  comple¬ 
ment  fixing  mechanisms. 

PRIMARY  AND  SECONDARY  STRUCTURE 

The  IgG  molecule  can  be  regarded  as  derived  from  a 
basic  structure  of  two  light  polypeptide  chains  and  two 
heavy  polypeptide  chains  linked  together  by  covalent 
brieges  of  cystine  residues.  The  four  chains  are  paired 
so  that  the  molecule  consists  of  two  identical  halves, 
each  of  which  has  one  heavy  and  one  light  chain.  By 
amino  acid  sequence  analysis,  it  is  shown  that  both 
heavy  and  light  chains  have  regions  in  the  N-terminal 
portion  with  highly  variable  amino  acid  sequences  and 
regions  in  the  carboxy  terminal  end  with  constant 
amino  acid  sequences. 

TERTIARY  STRUCTURE 

Considerable  evidence  from  a  variety  of  chemical 
and  physical  studies  indicates  that  the  heavy  and  light 
chains  are  folded  into  a  linear  series  of  compact  globular 
regions  called  domains.  The  light  chain  is  composed  of 
two  domains:  one  corresponding  to  the  variable  amino 
acid  sequence  region,  the  Vi,  and  the  second  is  the 
constant  amino  acid  sequence  region,  the  Ct-  In  the 
heavy  chains  there  art  four  domains,  one  formed  by  the 
variable  region,  V//,  and  three  by  the  constant  homol¬ 
ogy  region,  Gyi,  Cy2  and  Gy}.  Each  three  dimensional 
domain  corresponds  approximately  to  110  amino  acid 
residues,  contains  a  single  intrachain  disulfide  bond,  and 
is  linked  to  the  neighboring  domains  by  more  loosely 
folded  stretches  of  polypeptide. 

CORRELATION  OF  STRUCTURE  WITH 
BIOLOGIC  FUNCTION 

ks  a  corollary  to  this  structural  model,  it  has  been 
proposed  that  each  domain  evolved  to  perform  specific 
functions,  and  thus  the  Vj.  and  the  V// jointly  form  the 
antigen  binding  site  where  the  constant  region  domains, 
particularly  in  the  FC  region,  the  Gy:  and  Gy},  mediate 
tne  biologic  effector  functions  of  the  immunoglobulin 
molecule.  There  is  evidence  which  supports  this  con¬ 
cept  of  structural  differentiation  of  the  IgG  molecule, 
and  more  specifically,  that  this  modular  structure  is 
accompanied  by  functional  differentiation  within  the 
IgG  molcule.  A  number  of  investigations  have  shown 
that  most  of  the  interactions  with  the  non-specific  or 
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cllti'ior  mechanism!,  or  the  body  occur  through  the  FC 
region  in  the  molecule  In  some  cases  the  locations  of 
these  sites  have  been  precisely  defined.  For  example,  it 
has  been  shown  that  the  Cy}  domain  is  involved  in  the 
histamine  release  for  mast  cells  in  hcterocytotrophic 
passive  cutaneous  anaphylax;s  and  in  the  binding  to 
heterologous  and  homologous  macrophages.  It  has  also 
been  determined  that  the  site  controlling  catabolic  rate, 
antibody  dependent  cytotoxicity,  and  complement  fixa¬ 
tion  are  likely  to  be  associated  with  the  Cy:  domain  or 
to  depend  on  the  presence  and  the  integrity  of  both 
domains  since  these  activities  are  not  displayed  by  iso¬ 
lated  Cy3,  or  the  PFC. 

NATIVE,  UNDENAT vJRED  MOLECULES 

REQUIRED  FOR  FULL  NORMAL  BIOLOGIC 
ACTIVITIES 

The  domain  hypothesis  proposes  that  the  homology 
regions  of  the  immunoglobulin  molecule  have  evolved 
independently  to  perform  separate  functions.  More  20 
recent  work  suggests  that  the  roles  played  by  the  indi¬ 
vidual  domains  and  the  mediation  of  effector  functions 
are  in  many  cases  more  complex  than  those  envisioned 
in  the  domain  hypothesis.  Although  some  functions 
such  as  C'C  binding  require  only  one  domain,  other  25 
activities  are  dependent  upon  higher  orders  of  structure 
involving  pairs  of  domains,  or  more  likely  the  native 
conformation  of  the  complete  IgG  molecule. 

Finally,  there  is  strong  evidence  to  indicate  that 
minoi  modifications  in  the  domain  structure  resulting  30 
from  methods  of  fractionation  or  from  limited  proteoly¬ 
sis  by  proteolytic  enzymes  alter  the  IgG  molecule  from 
its  native,  physiologic  state  in  the  blood  and  result  in 
marked  alteration  in  complement  binding,  anticomple¬ 
mentary  activity,  and  turnover  rate. 

ISOLATION  AND  PURIFICATION  OF  THE 
NATIVE  IgG  MOLECULE 

Methods  to  isolate  IgG  from  plasma  in  its  native, 
physiologic  state  must  take  into  consideration  condi-  40 
tions  when  denaturation  occurs  and  must  take  into  ac¬ 
count  specifically  the  area  or  areas  of  the  IgG  molecule 
rr  ist  susceptible  to  alteration.  The  heavy  chains  of  the 
IgG  molecule  contain  a  length  of  polypeptide  chain, 
between  the  Gyi  r.  id  Cy2  domains,  known  as  the  hinge  45 
region.  In  this  region  there  is  flexibility  between  the 
antigen  combining  region  (FAB)  and  the  complement 
fixing  segment  (FC).  The  hinge  region  is  rich  in  proline 
amino  acid  residues  and  contains  the  inter-heavy  chain 
disulfide  bridges.  Under  conditions  of  controlled  dena-  50 
turation,  IgG  can  be  enzymatically  cleaved  at  points 
lying  between  domains  in  preference  to  those  lying 
within  domains.  (This  suggests  that  domains  form  a 
relatively  compact  structure  joined  by  short  sections  of 
looser  structure.)  The  hinge  region  appears  to  be  the  55 
most  susceptible  part  of  the  molecule  to  denaturation 
and  enzymatic  cleavage.  Fragmentation  with  papain, 
pepsin,  or  plasmin  has  generally  been  used. 

The  IgG  antibody  molecule's  primary  function, 
namely  its  combination  with  antigen  which  occurs  in  60 
the  FAB  portion,  is  most  resistant  to  denaturation  (or 
other  conditions  altering  shape  or  causing  change 
within  the  molecule).  While  the  primary  fui  ction  re¬ 
mains  unaffected  by  denaturation,  the  hinge  region  and 
constant  domains  of  the  FC  region  are  marked!)'  al-  65 
tered,  an  effect  reflected  by  marked  changes  in  such 
biologic  effector  functions  as  IgG  turnover  rate,  metab¬ 
olism,  and  complement  fixation,  and  normal  internc- 
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tions  with  the  complement  pathway,  the  coagulation, 
fibrinolytic,  and  liininogcn  systems.  In  the  past  undue 
weight  has  beer,  given  to  the  fact  that  IgG  molecules 
isolated  by  many  different  methods  are  still  able  to 
5  interact  with  antigen  in  an  apparently  unimpaired,  na¬ 
tive  way.  More  attention  must  be  given  to  the  extensive 
evidence  that  other  functions  of  the  IgG  molecule  have 
been  markedly  impaired  by  alcohol  fractionation,  am¬ 
monium  sulfate  sailing  out  method,  polyethylene  glycol 
10  method,  etc.,  methods  that  all  isolate  IgG  with  little 
impairment  in  its  ability  to  combine  with  antibody,  but 
have  marked  denaturating  effects  on  the  other  portions 
of  the  molecule.  Denaturation  as  reflected  by  the  pres¬ 
ence  of  up  to  25%  aggregates,  significantly  decreases 
15  half  life  in  the  circulation,  and  significantly  increases 
complement  fixing  activity. 

STANDARDS  FOR  THE  NATIVE  ISOLATED 
IgG  MOLECULE 

The  standards  characterizing  the  native  IgG  mole¬ 
cule  must  include  comparisons  with  IgG  prepared  by 
the  current  and  prior  art  with  IgG  prepared  by  the 
method  claimed  in  my  aforesaid  application  Ser.  No. 
829,565  with  final  proof  resting  on  the  determinable 
characteristics  and  properties  of  the  molecule  in  fresh 
plasma.  While  some  modifications  of  IgG  from  its  na¬ 
tive  state  can  be  directly  demonstrated  by  structural 
studies  and  in  vitro  tests  ofbiological  effector  functions, 
the  final  definition  of  its  native  state  must  include  purity 
and  structural  analysis,  coupled  with  comparative  stud¬ 
ies  between  the  different  IgG’s  and  IgG  in  fresh  human 
plasma  particularly  when  each  is  intravenously  adminis¬ 
tered. 

Purity— The  current  standards  of  purily  whereby 
35  contaminants  present  in  no  lower  than  microgram  con¬ 
centrations  are  identified  cannot  be  used  since  it  has 
been  demonstrated  that  the  current  IgG  preparations 
coniain  nanogram  quantities  of  peptides  with  potent 
pharmacologic  activity.  The  administration  of  these 
materials  produce  severe  vasoactive  reactions.  There¬ 
fore  the  purity  standards  for  native,  non-denatured  mo¬ 
nomeric  IgG  must  be  at  lower  levels  to  include  an  anal¬ 
ysis  of  these  substances. 

Structural  Analysis — Structural  parameters  defining 
altered  or  denatured  IgG  are  at  best  rather  ill  defined, 
but  include  such  gross  characteristics  as:  (1)  molecular 
weight  characterization  of  the  different  molecules  mak¬ 
ing  up  the  IgG  preparation  including  both  high  molecu¬ 
lar  weight  aggregates  and  low  molecular  weight  frag¬ 
ments,  (2)  anti-complementary  activity,  (3)  native  elec¬ 
trophoretic  mobility  ranges,  (4)  native  isoelectric  point 
ranges,  and  (5)  demonstrating  that  the  monomeric 
160,000  molecular  weight  IgG  molecules  are  resistant 
to  limited  proteolysis  by  plasmin. 

In  Vivo  Characterization — The  denatured  non-native 
IgG  molecule  exhibits  a  number  of  altered  biologic 
effector  functions.  Behavior  of  such  IgG  in  the  circula¬ 
tion  of  the  body  can  only  be  assessed  by  comparative  in 
vivo  studies  involving  intravenous  administration  of 
both  the  IgG  of  fresh  plasma  and  the  purified  IgG  prep¬ 
aration.  These  include:  (1)  demonstration  that  the  prep¬ 
aration  is  safe  for  intravenous  administration  in  quanti¬ 
ties  of  up  to  200  mgAg  and  does  not  produce  either 
circulatory  collapse,  fever,  pain,  vomiting,  or  activate 
the  kinin  in  the  complement  systems,  and  (2)  half-life  or 
turnover  times  similar  to  IgG  of  normal  plasma. 

While  some  modifications  of  the  IgG  molecule  from 
the  native  state  can  be  directly  demonstrated  by  struc- 
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tural  studies  and  in  vitro  testing,  the  final  definition  of 
the  native  molecule  must  include  both  structural  and 
biologic  evidence  that  on  intravenous  administration 
.  the  IgG  molecule  behaves  in  a  similar  way  to  the  IgG  of 
'  fresh  human  plasma.  The  structural  parameters  denot-  5 
ing  the  natr  e,  undenatured,  unaltered  IgG  molecule 
include:  (1)  native  electrophoretic  ranges,  (2)  native 
isoelectric  ranges,  (3)  molecular  weight  of  160,000 
Daltons  with  no  aggrevated  IgG  and  no  IgG  fragments, 

(4)  low  anti-complementary  activity,  and  (5)  resistance  10 
to  limited  proteolysis  with  plasmin.  The  biologic  indica¬ 
tors  denoting  the  native,  undenatured,  unaltered  IgG 
molecule  include:  (1)  normal  half-life  or  turnover  time 
following  intravenous  administration  of  three  weeks,  (2) 
no  evidence  of  earl)’  accelerated  (within  minutes)  phase  15 
of  rapid  clearance  following  intravenous  administration 
(indicative  of  IgG  partially  degraded  by  plasmin  and 
aggregated  IgG),  (3)  safe  for  intravenous  administration 
in  large  quantities  (200  mg/kg)  in  the  clinical  setting 
(with  clearly  demonstrated  freedom  from  untoward  20 
,  reactions  such  as  fever,  vomiting,  loss  of  consciousness, 
etc.),  and  (4)  free  of  properties  activating  the  comple¬ 
ment  pathway,  the  blood  coagulation  and  kininogen 
system. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS  25 

The  invention  is  further  illustrated  by  the  accompa¬ 
nying  drawings  in  which: 

FIGS.  1A  through  IF  represent  the  elution  curves 
derived  from  chromatographic  analysis  of  various  IgG  30 
preparations  compared  to  native  IgG,  FIG.  1A  consti¬ 
tuting  the  prototype  for  native  human  IgG; 

FIG.  IB  representative  of  elution  curve  of  human 
IgG  prepared  by  alcohol  fractionation  followed  by 
reduction  and  alkylation;  35 

FIG.  1C  is  a  protein  elution  curve  from  a- Biogel 
column  of  a  fractionated  human  IgG  that  has  been 
treated  with  /3  propiolactone; 

FIG.  ID  is  o  representative  elution  curve  characteris¬ 
tic  of  IgG  prepared  by  methods  involving  ethyl  alcohol  40 
precipitation,  ethylene  glycol  precipitation,  and  salting 
out  procedures; 

FIG.  IE  is  an  elution  curve  from  an  ethyl  alcohol 
fractionated  IgG  that  has  been  degraded  by.  plasmin 
activated  during  the  fractionation  procedure;  45 

FIG.  IF  is  an  elution  curve  of  alcohol  precipitated 
IgG  analyzed  in  total  protein  to  determine  the  distribu¬ 
tion  of  various  molecules,  and  concentration  of  the 
various  peaks  in  terms  of  IgG,  A,  and  M;  and 

FIGS.  2A  through  2D  show  the  differentia!  effect  of  50 
plasmin  on  denatured  IgG  and  native  IgG. 

CHARACTERIZATION  OF  THE 

AGGREGATION,  FRAGMENTATION  AND 
SHAPE  CHANGE  OF  THE  VARIOUS  IgG 
PREPARATIONS  WITH  COMPARISON  TO 
NATIVE  IgG 

Exclusion  chromatography  using  acrylamide  copoly¬ 
mer  beads  (Biogel  A  1.5)  was  selected  as  the  method  to 
determine  the  number  of  different  molecular  weight  60 
component",  in  each  IgG  preparation  and  to  determine  if 
possible  detectable  changes  in  molecular  shape.  Since 
plasnna  contains  numerous  different  proteins  with  mo¬ 
lecular  weight  similar  to  the  160,000  Dalton  IgG,  the 
prototype  for  the  native  IgG  was  prepared  from  human  65 
plasma  b)  the  method  incorporated  in  my  aforesaid 
application  Ser.  No.  829,565.  Comparisons  under  identi¬ 
cal  conditions  of  protein  concentration,  gel  type,  col¬ 
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umn  diameter  and  length,  etc.  were  made  with  a  repre 
sentative  ethanol  fractionated  IgG,  with  a  reduced  and 
alkylated  intravenous  IgG,  with  chemically  altered  fi 
propiolactone  treated  IV  IgG  and  an  ethanol  piecipi- 
tated  plasmin  degraded  IgG.  Quantitative  assessment  of 
the  percent  aggregation,  percent  fragments  and  alter¬ 
ations  in  molecular  shape  were  determined  by  placing  2 
nil  samples  of  IgG  at  a  concentration  of  45  mg/m)  over 
a  Biogel  A  1 .5  column.  The  column  was  2.6  cm  in  diam¬ 
eter  by  94  cm  in  length.  The  emerging  protein  was 
collected  in  7  ml  aliquots  and  protein  concentration 
determined  by  absorbance  at  280  millimicrons  or  by 
quantitative  determination  of  igG  content  in  Mancini 
plates. 

With  this  method  molecular  weights  plus  molecular 
shape  and  hydration  affect  the  behavior  of  molecules 
during  chromatography.  In  general,  protein  molecules 
appear  in  the  column  cluate  in  orcler  of  decreasing  size. 
The  columns  used  had  been  standardized  and  calibrated 
for  molecular  weight  determination  using  a  number  of 
different  standardized  protein  molecules. 

FIG.  1A  represents  the  elution  curve  derived  from 
this  type  of  structural  analyses  and  constitutes  the  pro¬ 
totype  for  native  human  IgG.  The  IgG  was  prepared  by 
the  method  incorporated  in  application  Ser.  No. 
829,565.  The  protein  elution  curve  is  symmetrical  indi¬ 
cating  monomeric  molecular  species  of  identical  shape 
and  volume.  Aggregates  constitute  less  than  1%  of  the 
total  protein  eluted.  Fragmented  IgG  also  constitutes 
less  than  1%  of  the  total  protein  added.  The  protein 
elution  curve  is  consistent  with  a  monomeric,  unaggre¬ 
gated,  unfragmented  native  IgG.  This  elution  curve  is 
to  be  contrasted  with  the  elution  curve  for  the  follow, 
ing  non-native  IgG  preparations. 

FIG.  IB  is  representative  of  elution  curve  of  human 
IgG  prepared  by  alcohol  fractionation  followed  by 
reduction  and  alkylation.  The  elution  is  not  symmetri¬ 
cal.  High  molecular  weight  aggregates  constitute  20% 
of  the  total  protein  of  this  preparation  with  a  very  high 
percent  of  high  molecular  weight  (over  1,000.000)  ag¬ 
gregates. 

FIG.  1C  is  a  protein  elution  curve  from  a  Biogel 
column  of  a  fractionated  human  IgG  that  has  been 
treated  with  P  propiolactone.  This  IgG  contains  over 
14%  aggregates,  some  consisting  of  very  high  molecu¬ 
lar  weight  materials.  It  also  contains  detectable  levels  of 
fragmented  50,000  molecular  weight  IgG  (2.5%).  The 
main  peak  rather  than  being  symmetrical  is  altered  and 
consists  of  only  83%  of  the  total  protein. 

FIG.  ID  is  a  representative  elution  curve  characteris¬ 
tic  of  IgG  prepared  by  methods  involving  ethyl  alcohol 
precipitation,  ethylene  glycol  precipitation,  and  salting 
out  procedures.  Protein  concentration,  elution  and  col¬ 
umn  dimensions  are  identical  on  all  runs.  The  protein 
elution  curve  is  not  symmetrical.  Sixteen  percent  of  the 
total  protein  is  composed  of  various  high  molecular 
weight  aggregates.  These  aggregates  include  dimers, 
trimers,  tetramers,  and  molecular  aggregates  greater 
than  1,000,000  molecular  weight.  There  are  not  appre- 
ciaDlr  quantities  of  fragmented  IgG  in  this  preparation. 
The  elution  is  not  symmetrical. 

FIG.  IE  is  an  elution  curve  from  an  ethyl  alcohol 
fractionated  IgG  that  has  been  degraded  by  plasmin 
activated  during  the  fractionation  procedure.  While 
there  is  a  reduced  amount  of  aggregates,  27%  of  the 
total  protein  consists  of  IgG  fragments  with  a  molecular 
weight  of  around  52,000  Daltons.  The  ethyl  alcohol 
precipitated  plasmin  degraded  preparation  shows  both 
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aggregates  and  fragments.  This  method  of  treating  alco¬ 
hol  fractionated  IgG  with  plasniin  has  been  attempted 
and  materials  of  this  type  have  been  tested  clinically  to 
determine  their  suitability  for  intravenous  administra¬ 
tion.  li  is  difficult  to  control  the  amount  of  proteolysis,  5 
It  is  also  cleai  from  published  studies  that  plasmin  de¬ 
graded  materia!  is  cleared  very  rapidly  from  the  circula¬ 
tion  so  that  large  doses  of  material  must  be  administered 
to  achieve  therapeutic  levels. 

FIG.  IF  represents  Biogel  elution  curve  of  an  EtOH  10 
precipitated  IgG  analyzed  in  two  ways-ftrst,  total  pro¬ 
tein  to  determine  the  distribution  of  various  molecules, 
and  second,  concentration  of  the  various  peaks  in  terms 
of  IgG,  A  nnd  M.  The  IgG,  A  and  M  content  of  each 
fraction  was  determined  by  diffusion  in  Mancini  plates  15 
and  a  curve  constructed  from  data  derived  from  this 
information.  As  it  can  be  seen,  the  high  molecular 
weight  aggregates  as  well  as  the  tetramers,  dimers, 
trimers,  are  all  composed  of  IgG  and  not  contaminating 
proteins.  20 

This  type  of  structural  analysis  demonstrates  the  ex¬ 
treme  susceptibility  of  the  human  IgG  molecule  to  alter¬ 
ation  by  a  number  of  currently  practiced  isolation  pro¬ 
cedures.  Precipitation  oflgG  with  ethyl  alcohol,  chemi¬ 
cal  modification  with  0  propiolactone,  and  reduction  25 
and  alkylation  of  the  molecule  all  result  in  significant 
quantities  of  aggregates.  (See  Table  I  for  comparison 
with  native  IgG.)  In  addition,  there  is  evidence  that 
these  procedures  result  in  marked  shape  changes  as  is 
reflected  by  the  asymmetry  of  the  elution  curve,  of  the  30 
main  160,000  molecular  weight  components.  Since  both 
fragments  and  aggregates  are  eliminated  from  the  circu¬ 
lation  within  minutes,  there  is  also  a  drastic  reduction  in 
the  quantity  of  1 60,000  molecular  weight  molecules  that 
would  remain  in  the  circulation  and  have  some  benefi  35 
cial  effect.  The  altered  shape  and  the  significant  aggre¬ 
gation  R  strong  supporting  evidence  that  these  fraction¬ 
ation  j  locedurcs  result  in  extensive  denaturation  of  the 
IgG  molecule. 

40 

THIN-LAYER  POLYACRYLAMIDE  GEL 
ISOELECTRIC  FOCUSING  OF  IgG: 

COMPARISON  OF  NATIVE  IgG  WITH 
CHEMICALLY  ALTERED,  STRUCTURALLY 
MODIFIED,  AND  DENATURED  IgG  45 

Proteins  in  solution  have  an  electric  charge.  When 
these  solutions  are  placed  between  two  electrodes  con¬ 
nected  to  a  source  of  direct  current,  the  proteins  will 
migrate  to  the  electrode  of  opposite  charge.  Thus,  posi¬ 
tively  charged  ions  migrate  to  the  cathode  and  are  50 
therefore  termed  cations,  and  negatively  charged  ions 
migrate  to  the  anode  and  are  termed  anions.  Generally 
proteins  migrate  to  the  cathode  in  acid  solutions  and 
toward  the  anode  in  alkaline  solutions.  There  exists  a 
pH  value  at.which  a  given  protein  would  not  move  55 
toward  cither  electrode.  This  pH  or  pi  is  defined  as  the 
isoelectric  point  and  is  a  constant  which  can  aid  in  the 
characterization  of  the  protein.  Isoelectric  focusing  is  a 
very  high  resolution  technique  for  the  separation  of 
proteins  according  to  their  isoelectric  properties.  Be-  60 
cause  of  their  heterogeneity,  immunoglobulins  and  IgG 
in  particular  have  broad  isoelectric  pH  ranges  rather 
than  a  narrow  point  such  as  would  be  the  case  for  a 
homogeneous  protein  like  serum  albumin.  However, 
even  with  the  broad  ranges,  this  method  can  be  used  to  65 
characterize  most  particularly  the  IgG’s  that  have  been 
chemically  modified  in  preparation.  When  these  chemi¬ 
cal  modifications  alter  the  number  of  charged  groups  on 
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the  protein  molecule,  this  is  reflected  by  a  new  isoelec¬ 
tric  point  range.  The  method  also  is  very  sensitive  in 
detecting  alterations  that  contribute  to  the  heterogene¬ 
ity  of  immunoglobulins.  The  heterogeneity  of  pooled 
native  IgG  when  focused  resu'ts  in  a  broad  isoelectric 
spectrum  of  what  appears  to  be  homogeneous  protein 
(with  broad  rather  than  sharp  narrow  bands).  When  the 
IgG  has  been  modified,  either  chemically  or  broken 
down  structurally  to  fragments,  this  introduces  an  addi¬ 
tional  type  of  heterogeneity — a  microheterogeneity 
generated  by  alteration  of  the  native  IgG  and  is  re¬ 
flected  by  the  introduction  of  a  number  of  sharply  de¬ 
fined  narrow  bands  of  various  isoelectric  points. 

Analytical  isoelectric  focusing  has  been  performed  in 
polyacrylamide  gel.  The  gel  matrix  stabilizes  the  pH 
gradient  against  convection.  Polyacrylamide  gel  has 
most  of  the  properties  needed  as  a  support  for  elec- 
trofocusing.  It  is  desirable  that  the  gel  have  a  suffi¬ 
ciently  large  pore  size  to  permit  free  passage  of  the 
proteins  during  focusing.  The  polyacrylamide  gel  for 
the  electrofocusing  to  be  described  was  cast  in  a  2  mm 
layer  on  glass  plates. 

During  isoelectric  focusing,  proteins  migrate  electro- 
phoretically  in  a  stationary  pE  gradient  generated  by  a 
number  of  low  molecular  wei  ght  ampholytes  of  varying 
lEP's.  A  steady  state  is  reached  in  which  sample  prote¬ 
ins  are  concentrated  or  focused  as  bands  at  their  isoelec¬ 
tric  point.  The  gel  used  in  this  experiment  (LKB 
1804-101)  contains  a  polyacrylamide  concentration  of 
5%,  an  ampholyte  concentration  of  2.4%  (w/v),  is  3% 
erosslinked  and  is  235X90X  1  mm  in  size.  An  LK.B  2117 
Multiphor  unit  is  used  in  this  experiment  along  with  an 
LKB  2103  power  supply.  Filter  paper  tabs  (5X10 
mm— Whatman,  Paratex)  containing  20  pi  of  sample 
(0.1  mg  protein)  are  used  for  sample  application.  The  (3 
propiolactone  IgG  was  applied  near  the  cathode  while 
the  remaining  samples  were  applied  near  the  anode.  The 
samples  were  focused  at  4’  C.  for  90  minutes  at  a  con¬ 
stant  30  watts.  The  application  tabs  were  removed  after 
45  minutes  and  the  pH  gradient  of  the  gel  at  4*  C.  deter¬ 
mined  at  the  end  of  the  run.  The  pH  is  determined  every 
10  mm  using  a  Beckman  3500  meter  with  a  5  mm  combi¬ 
nation  electrode  (Beckman  39505).  The  pH  of  the  plate 
ranges  from  4.9  to  8.9.  The  plate  is  refocused  for  10 
minutes  and  then  the  proteins  are  fixed  by  placing  the 
gel  in  a  solution  containing  1%  methanol  (v/v)  and 
0.5%  sulphosalicyclic  acid  (w/v)  for  45  minutes.  Prior 
to  staining,  the  plate  is  soaked  in  destaining  solution 
(25%  ethanol  [v/v]  and  8%  acidic  acid  (v/v))  for  five 
minutes.  This  step  allows  the  plate  to  equilibrate  to 
staining  conditions  and  allows  for  the  complete  removal 
of  ampholytes  from  the  gel.  The  plate  is  stained  for  10 
minutes  at  60*  C.  in  a  filtered  preparation  containing 
0.1%  (w/v)  Coomassie  Blue  R-250  dye  in  destaining 
solution.  The  plate  is  destained  for  at  least  4S  hours  with 
several  changes  of  destain. 

The  isoelectric  range  of  various  preparations  of 
human  IgG  is  presented  in  Table  II.  Note  that  the  native 
IgG  sample  #5  has  a  pi  range  of  pi  6. 4-8. 8.  The  0 
propiolactone  treated  IgG  sample  #  1  with  pi  range  of 
5. 6-7. 2  demonstrates  that  there  has  been  significant 
chemical  modification  of  surface  charge  markedly  alter¬ 
ing  the  pi  range  from  the  native  state.  The  reason  for 
this  is  that  0  propiolactone  reacts  with  carboxyl,  arnino, 
hydroxyl,  sulphydryl,  and  phenolic  groups  of  proteins. 
EtOH  purification  of  IgG  has  a  somewhat  nearer  range 
than  the  native  material;  however,  the  EtOH  plasmin 
degraded  sample  #6  has  the  broadest  range  of  6.18-8.8. 
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The  polyacrylamide  focused  gel  from  which  these 
ranges  were  oerived  demonstrates  another  feature  of 
this  type  of  an  analysis,  namely  the  micro-heterogeneity 
of  each  preparation.  There  are  tu.o  proceduies  which 
ruroducc  significant  micro- heterogeneity  to  the  IgG-#  5 
Y>ropiolactonc  treatment  sample  #1  and  plasmin  degra¬ 
dation  sample  #6.  The  sharp  dense  bands  in  the  plasmin 
treated  sample  are  derived  from  fragmentation  of  the 
aggregates  and  degradation  of  some  of  the  160,000  mo¬ 
lecular  v\  eight  molecules  and  contribute  to  the  hetcro-  to 
geneity  seen  here.  These  fragments  would  of  course  be 
cleared  very  rapidly  from  the  circulation  and  would  not 
be  there  for  therapeutic  effect.  The  P  propiolacione 
treated  IgG  demonstrates  the  most  marked  alterations 
of  the  molecule  both  ii.  IEP  and  in  micro-heterogeneity.  15 
What  effects  these  would  have  on  introduction  in  the 
host  is  not  clear.  However,  one  would  expect  an  impair¬ 
ment  of  some  of  the  effector  functions  of  the  molecule 
and  significantly  reduced  half-life  in  the  circulation.  In 
addition,  alteration  of  surface  charges  by  #  propiolac-  20 
tone  indicate  the  native  groups  have  been  replaced  by 
foreign  chemical  groupings,  charges  modified,  and 
could  post  added  hazards  by  introduction  of  foreign 
antigenic  determinants  that  could  well  generate  anti¬ 
body  which  would  react  with  the  p  propiolacione  ?j 
treated  molecule. 

_ _  TABLE  I _ 

MOLECULAR  SPECIES  IN  DIFFERENT 
HUMAN  IgG  PREPARATIONS:  COMPARISON  OF 

AGGREGATES.  MONOMERS.  30 

AND  FRAGMENTS  WITH  NaTIVF.  IeC. 


Preparation  MW  Tr  MW  T,  S'"'  Tc 

Neiive  human  IgG  IV  <1  99  <.  I 

Reduced  &  Alkylated  lpG  IV  20  80  <1 

0  propioleeione  IgG,  IS'  14  83  2  5 

EtOH  IgG,  IM  10  84  <1 

ElOH  plusmin  IgG,  IM  7  03  27 

2  ml  wimple  applied  u>  2. ft  X  44  cm  [Impel  A  t.i  column  Pioicin  concentration  45  4Q 
mg/ml,  Total  Protein  applied  90  mg 


_ TABLE  II _ 

ISOELECTRIC  RANGE  OF 
S'ARIOUS  PREPARATIONS  OF  HUMAN  IsG 


#  Preparation _  pi  Range 

1  0  propiolacione  IgG.  IV  preparation  5.0- 7.2 

2  Reduced  &  Alkylated  IgG.  IV  preparation  6.5-9.0 

3  EtOH  IgG,  IM  preparation!  67-8,7 

4  EtOH  IgO.  IM  prepatationj  7.0-8. 8 

5  Native  human  IgG.  IV  preparation  6.4-8. 8 

6  _ EtOH  plasmin  IgG,  »M  preparation  6.18-9.43 

Sample  protein  eemcem.-ation  5.0  mg/ml  Toial  volume  20  pi.  0.1  mg  total  prolein 


1MMUNOELECTROPHORETIC  ANALYSIS 

Immunoelectrophoresis  can  demonstrate  a  number  of 
factors,  but  for  this  study  its  purpose  was  to  demon¬ 
strate  two  features — first,  if  there  were  any  changes  in 
the  electrophoretic  mobility  of  the  gamma  globulin  60 
suggesting  chemical  modification,  and  second,  if  there 
were  any  impurities  present  in  the  gamma  globulin. 
Although  this  method  is  not  the  most  sensitive  for  de¬ 
tecting  impurities,  it  is  possible  to  pick  up  contaminants 
that  arc  present  in  microgram  quantities.  65 

In  Immunoelectrophoresis  two  methods  are  com¬ 
bined,  gel  electrophoresis  followed  by  immunodiffu¬ 
sion.  A  buffered,  agarose  gel  is  used  as  the  medium  and 


the  two  steps  of  analysts  are  performe-d  sequentially. 
Buffered  agar  is  poured  onto  a  horizontal  glass  plate  to 
a  uniform  thickness.  Following  solidification  and  cur¬ 
ing,  a  longitudinal  ccntei  trough  is  cut  out  in  the  mid¬ 
line  and  a  well  punched  out  on  cither  side  of  the  trough 
for  electrophoresis  of  the  setum  sample.  After  the 
serum  is  placed  in  the  center  well,  it  is  separated  under 
the  influence  of  an  electric  field,  and  the  charged  pro¬ 
tein  particles  migrate.  Among  the  factors  governing  the 
migration  may  be  the  charge,  size  and  shape  of  the 
particles,  the  concentration,  ionic  strength,  pH  of  the 
solvents,  the  temperature  and  the  viscosity  of  the  me¬ 
dium,  and  the  character  and  intensity  or  the  electrical 
field.  Following  80  minutes  at  1 50  volts  at  which  time  it 
has  been  found  that  the  proteins  under  analysis  have  all 
reached  desirable  separation,  the  slide  is  taken  out  of  the 
electric  field  and  an  antisera  specific  to  either  human 
gamma  globulin  or  whote  human  serum  protein  is 
added  to  the  center  trough  and  allowed  to  diffuse  into 
the  ager  and  react  with  each  one  of  the  separated 
plasn.a  protein  constituents.  Following  a  24  hour  period 
for  equilibrium  and  diffusion  of  the  antisera  into  the 
gels,  the  gels  are  then  washed  with  saline  for  a  4o  hour 
period  to  remove  any  unreacted  protein,  then  stained 
with  an  amido  black  dye,  dried  and  photographed. 

ELECTROPHORETIC  MOBILITY 

Electrophoretic  mobility  and  impurities  contaminat¬ 
ing  various  IgC  preparations  can  be  visually  compared 
with  native  IgG  in  the  human  plasma.  Immunoelectro¬ 
phoresis  of  the  samples  against  an  antisera  was  observed 
which  reacts  only  with  human  IgG.  The  electropho¬ 
retic  mobility  of  native  IgG  sample  #4  and  plasma  IgG 
samples  #6  and  #7  were  compared  with  the  other  IgG 
preparations.  Samples  were  all  at  a  proteta  concentra¬ 
tion  of  10  nig/ml.  Sample  1  contained  the  P  propiolac- 
tonc  treated  IgG  and  had  clearly  altereo  electropho¬ 
retic  mobility  whereas  the  reduced  and  alkylated  sam¬ 
ple  #2,  the  ethyl  alcohol  samples  #3  and  #5  showed 
relatively  similar  electrophoretic  mobility  lo  the  native 
IgG  and  the  IgG  in  plasma.  The  alteration  of  the  elec¬ 
trophoretic  mobility  of  the  P  propiolactone  treated  IgG 
would  be  expected  from  the  demonstrated  changes  in 
IEP. 

The  precipitation  bands  from  the  immunodiffusion 
part  of  the  immunoelectrophoresis  performed  with  anti- 
numan  IgG  showed  only  the  presence  of  the  IgG  in 
each  preparation  including  whole  human  plasma.  To 
demonstrate  the  presence  of  other  proteins  or  impurities 
in  each  sample  the  immunodiffusion  part  of  the  immu- 
noelectrophoresis  must  be  performed  with  anti-human 
whole  serum.  The  anti-whole  serum  antibody  is  added 
to  the  trough  because  it  contains  antibodies  to  at  least  30 
different  human  plasma  proteins  and  can  therefore  be 
used  to  determine  impurities  in  each  sample.  The  sample 
protein  concentration  in  one  experiment  vvas  10  mg/ml 
in  order  to  demonstrate  the  complexity  of  proteins  in 
plasma  while  the  sample  protein  concentration  in  a 
parallel  companion  experiment  was  40  mg/ml  to  dem¬ 
onstrate  the  extent  of  impurities  in  each  of  the  IgG 
preparations.  It  was  shown  that  in  addition  to  the  intro¬ 
duction  of  additional  negative  charges,  that  the  p  propi¬ 
olactone  treated  IgG  sample  #1  contains  a  significant 
contamination  with  another  anodally  migrating  protein. 
Sample  #2,  the  reduced  and  alkylated  IgG,  shows  split¬ 
ting  of  the  main  IgG  band  indicating  partial  fragmenta¬ 
tion. 
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Where  the  protein  concentration  of  lire  sample  had 
Pern  increased  to  40  mg/ml,  we  see  better  the  extent  of 
contaminating  proteins  in  the  various  IgG  preparations 
The  /i  pi  opiolaetone  i re-iicd  IgG  sample  t:  I  contains  in 
addition  to  the  two  major  components  at  least  two  either  5 
protein  arcs  adjacent  to  the  well.  Sample  #2,  the  re¬ 
duced  and  alkylated  IgG,  also  is  contaminated  with 
these  anodally  migrating  proteins  including  a  band  near 
the  well.  Sample  #3,  ethyl  alcohol  precipitated  human 
JgG  preparation,  contains  small  quantities  of  the  anod-  10 
ally  migrating  component  plus  some  splitting  of  the 
main  band  and  two  additional  minor  bands  near  the 
well.  The  native  IgG  (sample  #4)  can  be  seen  as  homo¬ 
geneous  and  consists  of  IgG.  The  fifth  well  contains 
another  ethyl  alcohol  treated  ethyl  alcohol  human  IgG  15 
indicating  less  contamination  than  in  the  other  prepara¬ 
tions.  It  is  to  be  noted  that  there  is  some  variation  from 
manufacturer  to  manufacturer  in  these  proteins  and  that 
tome  practice  a  higher  degree  and  more  sophisticated 
art  than  others.  20 

The  immunoelectrophoretic  analysis  of  the  different 
IgG  preparations  confirms  the  fact  that  /3  propiolactone 
isoelectric  point  alteradons  arc  reflected  in  changes  in 
electrophoretic  mobility.  In  addition  it  demonstrates 
that  the  reduced  and  alkylated  as  well  as  some  of  the  25 
alcohol  fractionated  materia!  contain  a  splitting  of  the 
IgG  main  band  and  more  importantly  that  with  the 
exception  of  the  native  IgG,  these  other  preparations 
contain  varying  degrees  of  contaminants,  from  ihose 
present  in  milligram  quantities  to  those  detectable  in  30 
microgram  quantities.  It  is  to  be  anticipated  that  be¬ 
cause  of  the  relative  impurity  that  there  are  a  number  of 
other  undetectable  contaminants  ptesent  in  nanogram 
levels  in  these  preparations. 

QUALITATIVE  ASSESSMENT  OF  THE  EXTENT  35 
OF  THE  DENATURATION  OF  IgG: 
COMPARISON  OF  EtOH  PREPARED  IgG  WITH 
NATIVE  IgG -DETERMINATION  OF 

DENATURATION  BY  SUSCEPTIBILITY  TO  ^ 
LIMITED  PROTEOLYSIS  BY  FLASM1N 

Proteins,  particularly  those  that  exhibit  characteristic 
biologic  activity  as  enzymes,  immunoglobulins,  and 
IgG  in  particular,  usually  lose  some  if  not  all  activity  on 
denaturation.  Denaturation  may  be  caused  in  various  45 
ways.  Among  these  are  heating,  treating  with  acid, 
alkali,  or  organic  solvents  such  as  ethyl  alcohol,  and 
finally  concentrated  solutions  of  salt  or  dilute  concen¬ 
trations  of  protein  in  solution.  All  these  treatments  will 
cause  an  alteration  in  the  solubility  properties  of  most  50 
proteins,  but  proteins  show  a  wide  difference  in  sensitiv¬ 
ity  to  any  one  of  these  methods  of  denaturation.  In 
practice  if  treatment  is  not  unduly  prolonged,  the  dena¬ 
turation  mar  be  reversed  by  restoring  the  condition  at 
which  the  protein  is  stable;  therefore,  we  can  distin-  55 
guish  between  reversible  and  irreversible  denaturation 
of  proteins.  In  theory  all  denaturation  in  reversible. 

The  change  in  shape  and  the  presence  of  aggregates 
on  Biogel  elution  heretofore  described  for  different 
IgG’s,  suggested  that  the  lgG’s  were  altered  and  dena-  60 
tured  by  methods  of  isolation  and  purification.  A  more 
precise  and  quantitative  method  of  determining  the 
extent  of  denaturation  of  IgG  was  therefore  explored. 
Since  the  essential  feature  of  the  de'.aturation  process  of 
proteins  is  associated  with  an  unfolding  of  tightly  coiled  65 
peptide  chains  leading  to  the  disorganization  of  the 
internal  structure  of  the  protein,  wc  look  for  other 
means  of  determining  denaturation  other  than  de- 
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creased  solubility,  change  of  shape  mid  greater  asymme¬ 
try.  It  is  well  known  ton'  denatured  proteins  generally 
are  more  susceptible  to  tV  attack  of  proteolytic  en¬ 
zymes  and  native  pi  oleins.  The  unfolding  of  the  native- 
protein  makes  the  peptide  bo  id  more  accessible  to  en¬ 
zymic  action;  therefore,  one  -vould  expect  denatured 
proteins  to  be  more  susceptible  to  the  attack  of  proteo¬ 
lytic  enzymes  than  the  native  piotrins. 

The  method  developed  to  quantitate  the  extent  or 
denaturation  of  various  IgG  prep  nations  lor  compari¬ 
son  with  native  IgG  utilizes  limitcc  pro 'eolysis  with  the 
enzyme  plasmin.  Piasmin  is  an  zndopcpiidase  and 
cleaves  arginine-lysine  or  valine-isol  rucine  peptide 
bonds.  The  limited  proteolysis  test  with  plasmin  was 
achieved  by  incubating  at  37*  C.  a  solution  of  each  IgG 
preparation  in  a  0.05  M  Tris  HC1,  0.2  M  NaCI,  0.02  M 
glycine  buffer  (pH  8.0)  0.5  ml  with  human  plasmin  en¬ 
zyme  solution  300  units  containing  8.3  mit/ml  oi  acti¬ 
vated  plasmin.  The  plasmin  was  activated  by  incubating 
with  2330  units  of  urokinase.  The  reaction  of  IgG  and 
plasmin  contained  105  mg  lgG/2.5  mg  plasmin,  a  ratio 
of  42.  The  reaction  was  stopped  at  18  hours  by  freezing 
the  samples  at  —70*  C.  and  then  at  a  time  when  they 
could  all  be  run  together,  they  were  eluted  from  a  Bio- 
gel  A  1.5  2.6x94  cm  calibrated  column.  The  effluent 
was  collected  in  7  mm  aliquots  and  the  optical  density 
determined  by  adsorption  at  280  millimicrons.  The  per¬ 
cent  of  protein  in  each  of  the  peaks  was  calculated  by 
determining  the  total  area  of  the  eluted  peaks  by  planim¬ 
etry  and  approximating  areas  of  each  peak’s  overlap. 

The  elution  of  protein  from  the  Biogel  A  1.5  column 
is  illustrated  in  FIG.  2.  Native  IgG  (FIG.  2D)  incubated 
at  37*  C.  for  IS  hours  at  a  concentration  of  45  mg/ml 
without  plasmin  elutes  from  the  Biogel  in  a  symmetri¬ 
cal,  uniform  peak  of  molecular  weight  of  160,000 
Daltons,  no  aggregates  nor  fragments.  Following  lim¬ 
ited  proteolysis  with  plasmin  (FIG.  2B),  the  native  IgG 
appears  unaltered,  the  peak  is  still  symmetrical  with 
little  or  no  evidence  of  fragments  or  aggregates.  This 
demonstrates  that  under  conditions  of  this  experiment 
the  IgG  preparation  was  not  acted  on  by  plasmin  and 
therefore  is  a  native  IgG. 

The  elution  of  the  EtOH  IM  IgG  that  was  incubated 
for  18  hours  at  37*  C.  vnth  no  enzyme  is  illustrated  in 
FIG.  2C.  There  is  extensive  aggregation  including  di¬ 
mers,  trimers,  and  high  molecular  aggregates.  The  peak 
shows  distinct  asymmetry.  Inqubation  of  this  IgG  prep¬ 
aration  with  plasmin  under  the  identical  conditions  as 
the  native  IgG  is  illustrated  in  FIG.  2A.  Results  of  this 
study  show  the  following:  (1)  disappearance  of  most  of 
the  aggregates,  (2)  the  reduction  in  the  main  160,000 
molecular  weight  peak,  and  (3)  formation  of  a  second 
peak  containing  52,000  molecular  weight  fragments  of 
IgG.  Quantitation  of  the  differential  effect  of  plasmin  on 
EtOH  IM  IgG  and  native  IgG  is  presented  in  Table  III. 
Native  IgG  is  resistant  to  limited  proteolysis  by  plasrnin 
whereas  plasmin  attacks  and  degrades  the  EtOH  IM 
IgG.  Aggregates  which  made  up  13%  of  this  prepara¬ 
tion  are  attacked  and  end  up  as  52,000  molecular  weight 
fragments.  More  significantly,  the  main  160,000  molec¬ 
ular  weight  peak  is  sensitive  to  plasmin  proteolysis  to 
the  extent  that  39%  of  this  material  is  hydrolyzed  and 
appears  as  the  52,000  molecular  weight  fragments.  This 
is  particularly  informative  since  it  confirms  that  the 
asymmetry  of  this  peak  that  suggested  denaturation 
clearly  represents  extensive  unfolding  of  the  polypep¬ 
tide  chains  to  the  extent  that  plasmin  now  can  attack 
and  degrade  this  160,000  molecular  weight  component 
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since  approximately  40%  of  the  160,000  molecules  arc 
now  susceptible  to  proteolysis  by  plasmin.  These  are 
representative  results  of  a  number  of  experiments  con¬ 
firming  that  other  methods  of  pieparing  IgG  P  propio- 
lactone,  reduction  and  alkylation,  salting  out,  ethylene 
glycol  precipitation  denature  the  protein  and  render 
them  susceptible  to  the  attack  by  the  proteolytic  en¬ 
zyme  plasmin  while  the  native  IgG  is  unaffected. 


TABLE  III 


DIFFERENTIAL  EM  PCI  OP  PLASMIN 

ON  ElOII  IM  1  i;G  AND  NATIVE  leO 

Sample 

Applegates 

160.000  Peal 

32,000  Peak 

EtOH  IgG  IM 

13% 

87% 

less  1% 

ElOH  IgG  IM  4 

1% 

48% 

51% 

Plasnim 

Percent  1(0,000  peak 

39% 

attached  by  plasmin 

Native  IgG 

less  1% 

99% 

0% 

Native  IgG  4  Plasmin 

0  % 

98% 

1% 

Percept  160,000  Pe.k 

1% 

attached  by  plasmin 


IN  VITRO  ASSESSMENT  OF  ALTERED 
BIOLOGIC  EFFECTOR  FUNCTIONS  OF 

VARIOUS  IgG  PREPARATIONS  COMPARED 
WITH  NATIVE  IgG:  ANTI-COMPLEMENTARY 
ACTIVITY  AS  AN  INDICATION  OF 
DENATURATION 

In  its  normal  state  in  blood,  IgG  does  not  interact 
appreciably  with  components  of  the  complement  sys¬ 
tem.  The  biologically  active  sites  within  the  FC  region 
(Cy2  domain)  of  IgG  that  interact  with  complement  are 
expressed  or  exposed  as  a  result  of  conformational  or 
structural  changes  that  normally  result  following  spe¬ 
cific  antigen/antibody  combination  with  surface  anti¬ 
gens  on  bacteria,  viruses,  altered  cells.  Rcsulls'of  this 
combination  normally  mediate  many  aspects  of  inflam¬ 
mation  and  facilitate  ingestion  of  pathogens  by  phago¬ 
cytes.  Once  the  site  in  the  FC  region  (C7:  domain)  is  40 
exposed,  the  first  component  of  complement  Cl  attaches 
through  a  non-covalcnt  linkage  or  ionic,  bond  and  re¬ 
sults  in  enzymatic  activation  of  the  complement  cas¬ 
cade.  Structural  alterations  of  the  IgG  resulting  from 
denaturation  by  solvent  precipitation  such  as  aggregate  45 
formation  also  expose  these  biologically  active  comple¬ 
ment  fixing  sites.  Therefore  the  extent  of  complement 
fixation  or  anti-complementary  activity  of  IgG  can  be 
used  as  a  measurement  of  denaturation  and  alterations 
from  the  native  state. 

It  was  observed  in  1944  that  fractionated  IgG  was 
anticomplementary.  Subsequently  in  1945,  it  was  dem¬ 
onstrated  that  aggregates  in  the  fractionated  IgG  were 
responsible  for  this  effect.  Later  in  1959  it  was  shown 
that  heat  denatured  (aggregated)  IgG  fixed  complement 
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in  a  manner  indistinguishable  from  that  of  antigeu/anti- 
body  complexes. 

The  methods  used  in  these  studies  to  compare  the 
anticomplemcntary  activity  of  various  IgG  prepara- 
5  lions  with  native  IgG  involved  the  determination  of  the 
quantity  in  niicrograms  of  IgG  protein  required  to  fix 
50%  of  a  standard  preparation  of  Cl  complement.  Com¬ 
parisons  were  made  of  anti-complementary  activity  of 
human  IgG  preparations  with  native  IgG  by  determin- 
10  ing  the  micrograms  of  IgG  protein  required  to  fix  50% 
of  Cl.  Table  IV  shows  results  c'i  these  determinations. 
With  the  exception  of  the  EtOH  plasmin  IgG  1M  prepa¬ 
ration,  there  is  a  direct  relationship  between  the  aggre¬ 
gate  concentration  and  the  anti-complementary  activ- 
15  ity.  This  is  particularly  noteworthy  since  plasmin  degra¬ 
dation  removes  aggregates  and  reduces  anti-comple- 
mentarv  activity.  This  method  has  been  used  in  the 
prepaiation  of  intravenous  IgG.  However,  there  have 
been  many  problems  associated  with  this  because  the 
20  extent  of  degradation  of  the  main  160,000  molecular 
weight  IgG  cannot  be  adequately  controlled.  This  re¬ 
sults  from  the  fact  that  the  main  peak  is  also  extensively 
denatured  as  heretofore  shown.  The  EtOH  Red  Cross 
IgG  containing  30%  aggregates  was  the  most  active  in 
25  fixation  of  Cl  complement  since  only  0.15  microgram 
fixed  50%  of  the  complement.  Also  of  interest  is  the  fact 
that  while  there  is  a  direct  general  relationship  between 
the  extent  of  aggregation  and  the  anti-complementary 
activity,  the  quantity  of  the  EtOH  reduced  and  alkyl- 
30  ated  IgG  IV  for  fixation  of  complement  required 
twenty  times  the  quantity  of  protein  for  50%  comple¬ 
ment  consumption.  The  purpose  of  1  eduction  nnd  alky¬ 
lation  of  this  IgG  was  to  reduce  its  anti-complementary 
activity  and  this  is  demonstrated  and  supported  by  these 
35  studies.  However,  the  native  IgG  has  significantly  less 
ami-complementary  activity  (400-fold  less)  than  any  of 
the  other  preparations.  These  analyses  add  further  sup¬ 
port  to  the  fact  that  a  great  number  of  fractionation 
procedures  produce  denaturation  in  the  IgG  molecule, 
pariiculaily  when  compared  to  ft  native  IgG.  These 
observations  are  consistent  with  the  view  that  there 
have  been  extensive  alterations  in  the  structure  of  these 
molecules,  particularly  in  the  FC  region  that  result  in 
exposing  the  biologically  active  complement  fixing  sites 
and  provide  information  explaining  why  in  intravenous 
administration  these  preparations  of  altered,  denatured 
IgG  produce  significant  systemic  reactions,  one  of 
which  involves  the  activation  of  the  complement  cas¬ 
cade.  It  should  be  noted  that  plasmin  degradation,  re- 
50  duction  and  alkylation,  and  P  propiolactone  treatment 
of  IgG  reduce  its  anti-complementary  while  there  are 
still  appreciable  quantities  of  aggregated  IgG.  Comple¬ 
ment  fixation  therefore  has  some  limitations  in  assessing 
denatured  IgG.  * 


TABLE  IV 


COMPARISON  OF  ANTI-COMPLEMENTARY  ACTIVITY  (C1  BINDING) 

OF  HUMAN  IkG  PREPARATIONS  WITH  NATIVE  IcG 

Preparations 

Molecular  Sire 

Percent 

Aggregation 

Anti-Complimentary 

Activity* 

ElOH  IpG  Red  Crcm 

1 60, OCX)  (69%) 

30% 

0.15 

ElOH  IgG  IM 

160,000  (84%) 

16% 

0.44 

ElOH-Rcduccd  &.  Alkyl 

illrd  IgG  IV 

loO.OOO  (80%) 

20% 

8  00 

ElOH-plasmin  IgG  IM 

160,000  (63%)  52,000  (27%-) 

7% 

22.00 

Native  IpG  IV 

160.000(99%) 

Ins  1% 

500.00 

Vf  Piosetn  required  lo  ft,  50%  C,lcj. 
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PHARMACOLOGICALLY  ACTIVE  IMPURITIES 
IN  HUMAN  IgG  PREPARATIONS: 
COMPARISON  OF  NATIVE  IgG  WITH  HUMAN 
IgG  PREPARED  BY  CONVENTIONAL 
METHODS 

Components  of  the  fibrinolytic,  coagulation  and  ki- 
ninogen  systems  of  plasma  are  activated  during  frac¬ 
tionation  by  ethyl  alcohol  precipitation,  ethylene  glycol 
precipitation,  salt  precipitation,  and  by  DEAE  chroma¬ 
tography.  Because  these  activated  components  are  not 
removed  during  fractionation,  they  appear  in  nanogram 
auantitks  in  the  final  IgG  product.  However,  due  io 
their  poter.i  activity,  they  nonetheless  have  been  impli¬ 
cated  in  the  production  of  flushing,  erythema,  and  hy¬ 
potension  leading  to  circulatory  collapse  when  the  IgG 
is  injected  intravenously.  The  native  IgG  product  pre¬ 
pared  by  the  method  described  in  my  aforesaid  applica¬ 
tion  Serial  No.  829,565  does  not  produce  any  of  these 
above  reactions  on  intravenous  administration  and 
therefore  is  presumed  to  be  free  of  these  contaminants. 
There  are  two  demonstrable  reasons  why  this  is  the 
case:  (1)  the  precursors  of  the  fibrinolytic,  coagulation 
and  kininogen  systems  are  removed  by  the  silica  dioxide 
(SiOy)  treatment  of  plasma  before  fractionation  on 
QAE,  and  (2)  the  elution  pH  of  the  QAE  ion  exchange 
procedure  retains  proteins  and  peptides  and  the  IEP 
range  of  these  activated  fragments  (pi  of  4.2-4. 6).  Table 
V  shows  results  of  treating  plasma  with  40  grams/liter 
of  silica  dioxide  The  pretreated  plasma  contains  normal 
levels  of  the  various  piecursors  including  the  following: 
fibrinogen,  plasminogen,  factor  XII  (Hagamen  factor), 
prekallikrein  system,  and  the  complement  components. 
The  port-silica  dioxide  treatment  plasma  is  without 
detectable  levels  of  these  factors. 

It  has  been  proposed  that  the  flushing,  erythema,  and 
hypotension  result  from  the  presence  of  Hagamen  fac¬ 
tor  fragments  (prekallikrch  activator  PKA)  which  by 
acting  enzymatically  on  prekallikrein,  continue  to  gen¬ 
erate  bradykinin  in  the  patient  in  excess  of  that  being 
inactivated.  The  following  scheme  illustrates  part  of  the 
proposed  mechanism: 

MECHANISM  FOR  INDUCTION  OF 
HYPOTENSION  BY  PKA  ACTIVATOR  IN  IgG 
PREPARATIONS 


Hagatnen  Factor  (XII)*—  Hagamen  Factor  fragments 

(Prekallikrein  activator  •  PKA) 

1 

Prekallikrein - ^  Kallikrem 

I 

High  molecular  weight  kininogen  brandykinin 

V 

Peripheral  Viisodi'atalion 

v 

Hypotension 


TABLE  V 


REMOVAL  OF  THE  COMPLEMENT,  COAGULATION  AND 
KININOGEN  COMPONENTS  OF  PLASMA  WITH  KiO. 

Plain  i  a 

po.i 

SiOj  treated 
plasma 

Total  protein 

64  mg/nit 

70  mg/nil 

Fibrmogen 

XX)  mg  % 

0 

Plasminogen 

12  mg  % 

0 

/Mipoprotiens 

420  mg  Ft 

0 

HDL  associated  HLA  antigens 

Present 

Not  detected 

Cho’'  Mrrol 

>60  mg  Ft 

0 

Triglycerides 

100  mg  9c 

SO  mg  % 

Clotting  Factors 

Percent  Normal  Activity 

It 

100% 

100% 

V 

100% 

0% 

Vll 

100%. 

0% 

VIII 

100%- 

0% 

XI 

100%. 

0% 

XII  (Hageman  Factor) 

100% 

0% 

Hemolyiic  C  (screen) 

Normal 

No  lysrs 

Hemolvtic  C  (quant.) 

24  units/ml 

Not  detected 

Cq 

480  fig/ml 

<10 

c3 

1200  pg/ml 

<30 

Clq 

194  >ig/ml 

Not  detected 

C3 

1 12  fig/ml 

** 

Properdin 

13  6  /ig/ml 

CjPA 

187  jig/ml 

Prekalikrein 

84*  jimo^/hr/ml 

0* 

•Kaolin  activated 


Table  VI  shows  results  of  analysis  for  prekallikrein 
-0  activity  of  native  IgG  and  other  IgG  preparations.  The 
native  IgG  was  prepared  by  the  method  of  my  earlier 
application.  It  can  be  seen  that  the  ethyl  alcohol  IgG 
preparation  and  the  reduced  and  alkylated  intravenous 
IgG  both  contain  significant  quantities  of  prekallikrein 
35  activator  activity,  while  the  native  IgG  and  the  /?  propi- 
olactone  preparations  are  essentially  free  of  this  activ¬ 
ity. 

INTRAVENOUS  INJECTIONS  OF  NATIVE  IgG 
AND  OTHER  ALTERED  IgG  PREPARATIONS: 
40  INCIDENCE  OF  SEVERE  REACTIONS  AND 
CIRCULATORY  HALF-LIFE 

Intravenous  injection  of  fresh  human  plasma  is  safe 
and  not  associated  with  adverse  reactions.  The  IgG 
45  present  in  fresh  plasma  has  a  circulatory  half-life  follow¬ 
ing  intravenous  injection  of  24-32  days.  Therefore,  a 
native  IgG  preparation  should  be  expected  to  possess 
similar  characteristics  upon  intravenous  administration. 
All  priorities  have  beerrconcentrated  first  on  IgG  prep- 
50  arations  safe  for  intravenous  administration  with  sec¬ 
ondary  emphasis  on  circulatory  half-life.  However,  a 
native  IgG  preparation  which  combines  safety  and  half- 
life  comparable  to  IgG  in  fresh  plasma  would  provide 
maximal  benefits  to  the  patients,  namely  safety  and 
55  maximal  therapeutic  efficacy.  The  preceding  sections 
have  been  devoted  to  studies  determined  to  elucidate 
the  many  effects  of  various  fractionation  procedure  in 
introducing  structural  alterations  in  the  IgG  isolated. 
Whether  these  documented,  irreversible  alterations 
60  from  the  native  state  result  in  decreased  circulatory 
half-life  and  the  production  of  severe  adverse  reactions 
will  be  addressed  in  this  final  section.  Table  VII  com¬ 
pares  the  circulatory  half-lifes  following  intravenous 
administration  of  various  IgG  preparations.  IgG  con- 
65  Jained  in  fresh  normal  plasma  has  a  half-life  of  24-32 
days,  while  the  ha’f-life  of  native  IgG  is  from  24-27 
days.  AI!  other  preparations  have  significantly  reduced 
haif-lifes.  Plasmin  degraded  IgG  fragments’  half-lifes 
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rangt  from  5  hours  for  the  FAD  fragments,  8-)0  days 
for  the  PC  fragment,  and  18-20  days  for  the  intact 
160,000  molecular  weight  component.  Alterations  of 
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surface  groups,  surface  charge,  isoelectric  point,  elec¬ 
trophoretic  mobility,  micro-hctcrogeneity,  and  aggre¬ 
gation  by  (i  propiohetont  treatment  of  IgG  result  in 
circulatory  half-life  of  14  days.  These  reductions  in 
circulatory  half-life  significantly  reduce  therapeutic 
activity  of  IgG.  For  example,  the  reduction  from  28 
days  to  14  days  in  half-life  would  reduce  the  therapeutic 
index  by  a  factor  somewhat  greater  than  2.  This  would 
require  twice  the  dose  of  IgG  to  achieve  comparable 
therapeutic  effects  of  a  native  IgG  preparation. 


Preparations 

#  Pnt'enii 

fc  Read  ion*. 

n 

Normal  Fresh  1'luMna 

‘  t 

Immumc  deficiency 

It 

syndrome  p  uieni 

26 

none 

Nwiivc  IgG 

*1 

Patients  with  life 

threatening  mleciion 

ter 

<)7r 

{3  promolacione  IgG 

- 

*  .  41 

Immune  deficiency 

.1 

syndrome  patient 

12 

157c 

.1 

EtOH  IgG 

Normal,  healthy  patient 

55 

137c 

immune  defir.iency 

syndrome  patient 

15 

927c 

1 

E« 


TABLE  VI 


TREK  ALL)  NRLIN  (PRAJ  ACTIVITY  OF 

NATIVE  IpG  AND  OTHER  IcG  PREPARATIONS 

Preparation 

PKA  activity 
(‘Tr  of  reference! 

Native  IgG 

<i 

ElOH  IgG  IM 

62 

Reduced  Alkylated  IgO  l1 

V  90 

P  propiolactone  IgG  IV 

<1 

Reference 

100 

TABLE  VII 


CIRCULATORY  HALF-LIFE  OF  VARIOUS  HUMAN  IgG 


PREPARATIONS  FOLLOWING 

INTRAVENOUS  ADMINISTRATION 

Preparation 

Half-life  <T  1/2) 

Fresh  plasma  (IrG) 

24—32  days 

ElOH  plasmin  IpG 

Intact  IgG 

§-20  day* 

FC  fragment 

8-10  days 

FAB  fragment 

3  hours 

P  propiolactone  IgG 

4 — 12  days 

Native  IgG 

23-27  days 

INCIDENCE  OF  ADVERSE  REACTIONS 

The  high  incidence  of  severe  adverse  reactions  on 
intravenous  administration  of  the  licensed  ethyl  alcohol 
IgG  has  prevented  administration  by  this  route.  The  jo 
incidence  of  these  reactions  is  presented  in  Table  VIII. 
Depending  on  the  patient  population,  reactions  can 
vary  from  92%  in  immune  deficiency  syndrome  patients 
to  13%  in  normal  healthy  individuals,  whereas  normal 
plasma  is  not  productive  of  reactions  in  either  group.  (Z 
propiolcctone  treatment  of  IgG  reduces  significantly 
the  incidence  of  severe  reactions  in  immune  deficiency 
patients  (from  92%  to  15%).  Intravenous  administration 
of  native  IgG  however  approaches  fresh  plasma  in  al¬ 
most  complete  absence  of  reactions.  We  conclude  that 
the  added  efforts  required  to  prepare  an  undenatured, 
monomeiic,  native  IgG  results  in  definite  benefits  to  the 
patient.  These  include  safety,  significantly  greater  ther¬ 
apeutic  index  by  virtue  of  the  near  normal  circulating 
half-lil'es. 


It  is  apparent  that  many  modifications  an'"'  variations 
of  this  invention  as  hereinbefore  set  forth  may  be  made 
20  without  departing  from  the  spirit  and  scope  thereof. 
The  specific  embodiments  described  are  given  by  way 
of  example  only  and  the  invention  is  limited  only  by  the 
terms  of  the  appended  claims. 

The  embodiments  of  the  invention  in  which  an  e:\wiu- 
25  sive  property  or  privilege  is  claimed  are  defined  as 
follows: 

1.  An  isolated  natural,  unaltered,  un fragmented,  un¬ 
denatured  monomeric  immune  gamma  glohulin  for 
intravenous  administration  characterized  by  99%  purity 

30  and  containing  less  than  1%  aggregates  and  less  than 
1%  dissociated  materials. 

2.  Purified  gamma  globulin  according  to  claim  1  fur¬ 
ther  characterized  by  molecniar  weight  of  160,000 
Daltons  with  no  high  molecular  weight  aggregated  IgG 

35  and  no  low  molecular  weight  IgG  fragments. 

3.  Purified  gatnma  globulin  according  to  claim  1  fur¬ 
ther  characterized  by  native  electrophoretic  ranges. 

4.  Purified  gamma  globulin  according  to  claim  I  fur¬ 
ther  characterized  by  native  isoelectric  point  ranges 
between  about  6.4  and  8.8. 

5.  Purified  gamma  globulin  according  to  claim  1  fur¬ 
ther  characterized  by  resistance  to  proteolysis  with 
plasmin. 

6.  Purified  gamma  globulin  according  to  claim  1  fur¬ 
ther  characterized  by  low  ami-complementary  activity. 

7.  Purified  gamma  globulin  according  to  claim  1  fur¬ 
ther  characterized  by  normal  ciicuia,  Ty  half-life  of  at 
least  about  three  weeks  following  intravenous  adminis¬ 
tration. 

8.  Purified  gamma  globulin  according  to  claim  1  fur¬ 
ther  characterized  by  freedom  from  properties  activat¬ 
ing  the  complement  pathway,  blood  coagulation  and 
kininogen  system. 

9.  An  isolated  natural,  unaltered,  unfragmented,  ur>- 
denatured  monomeric  immune  gamma  globulin  for 

^  intravenous  administration  characterized  by  99%  purity 
and  containing  less  than  1%  aggregates  and  less  than 
1%  dissociated  materials,  having  molecular  weight  of 
160,000  Daltons  with  no  high  molecular  weight  aggre¬ 
gated  IgG  and  no  low  molecular  weight  IgG  fragments, 
60  and  further  characterized  by  native  electrophoretic 
ranges,  native  isoelectric  point  ranges  between  about 
6.4  and  8.8,  resistance  to  limited  proteolysis  with  plas¬ 
min,  low  anti-complementary  activity,  normal  circula¬ 
tory  half-life  of  a:  least  about  three  weeks  following 
65  intravenous  administration,  and  freedom  from  proper¬ 
ties  activating  the  complement  pathway,  blood  coagula¬ 
tion  and  kininogen  system. 
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P  reparation  and  Intravenous  Use  of  Undenatured  Human  IgG1 
Richard  M.  Condie 

Department  of  Surgery 
-  University  of  Minnesota  Medical  School 
Minneapolis,  Minnesota  55455,  U.S.A. 


ABSTRACT 


A  stable  immunoglobulin  for  intravenous  use  was  prepared  bv  chromatographs  of  silicon  dioxide-treated 
human  plasma  on  QAE-Sepnadex.  This  preparation  has  been  used  clinicalh  in  intravenous  doses  of  20- 
200  mg/kg  for  more  than  four  years;  it  has  not  caused  any  severe  reactions,  not  has  it  transmitted  viral 
hepatitis.  Comparative  studies  showed  this  preparation  to  resemble  the  native  IgG  of  fresh  plasma  more 
closely  than  any  other  intravenous  IgG  preparation  tested.  The  IgG  in  this  preparation  shows  the  same 
distribution  of  electrophorectic  mobilities  as  that  in  whole  plasma,  is  low  in  anti-complementary  activity, 
and  is  primarily  in  monomeric  form.  It  is  resistant  to  limited  proteolysis,  free  of  contaminating  plasmin  and 
preallikrein  activator  activity,  and  has  a  half-life  of  1 S — 24  days  in  invc  Tne  only  aspect  in  which  this 
preparation  appears  to  differ  from  the  IgG  of  unfractionated  plasma  is  the  absence  of  subclass  lgG3.  It 
otherwise  contains  all  the  major  neutralising  antibodies  normally  found  in  immune  globulins. 


INTRODUCTION 

Separation  of  IgG  from  the  hundreds  of  differ¬ 
ent  proteins  in  plasma  in  a  manner  that  will  yield 
^'^immunoglobulin  product  suitable  for  intrave¬ 
nous  administration  has  presented  major  chal¬ 
lenges  to  protein  fractionation.  These  include  iso¬ 
lation  of  IgG  that  is  not  denatured  and  is  free  of 
fragments  or  activated  peptides  that  may  develop 
during  the  purification  process. 

At  present,  the  only  licensed  procedv  e  for  the 
fractionation  of  human  plasma  in  the  U.S,  is  the 
Cohn-Oncley  cold  alcohol  method.  Use  of  this 
process  to  prepare  albumin  for  intravenous  admin¬ 
istration  has  been  extremely  successful.  However, 
immune  globulins  isolated  by  this  procedure  must 
be  administered  intramuscularly.  Intravenous 
administration  can  result  in  a  series  of  undesirable 
side  effects  which  include  erythema,  vomiting,  ab¬ 
dominal  pain,  fever,  hypotension  and  loss  of  con¬ 
sciousness.  In  marked  contrast  native  IgG,  in  the 
form  of  fresh  human  plasma,  can  be  administered 
intravenously  with  few  untoward  reactions. 

The  importance  of  these  findings  stems  from  the 
fact  that  there  are  a  number  of  clinical  situations, 
notably  those  occurring  in  immunocompromised 
patients,  in  which  no  adequate  therapy  exists  for 
the  treatment  of  certain  life-threatening  infections, 
administration  of  large  quamities  of  immu- 
\  - 

1  Supported  in  pan  by  USPHS  Grant  AM  13083. 


noglobulin  intravenously  may  be  efficacious  in 
these  situations  ( 1 ).  Such  quantities  cannot  be  given 
by  infusing  plasma  without  incurring  the  danger 
of  circulatory  volume  overload. 

There  are  also  clear  indications  that  the  efficacy 
of  intramuscular  (IM)  immune  globulin  for  the 
prophylaxis  of  viral  infections,  both  in  immuno- 
deficient  patients  and  in  normal  individuals,  is  re¬ 
lated  to  the  quantities  of  passive  antibody  that  enter 
and  persist  in  the  circulation.  The  IM  route  re¬ 
stricts  the  quantity  of  immune  globulin  that  can  be 
administered,  prevents  significant  quamities  from 
reaching  the  circulation,  and  retards  the  devel¬ 
opment  of  maximum  blood  levels  for  several  davs 
<?-6). 

Two  major  factors  determining  the  incidence 
and  severity  of  adverse  reactions  to  intravenous 
(IV)  immune  globulins  are  the  patient  population 
(2)  and  the  fractionated  preparation  itself  (2,4,5). 
IV  administration  of  IM  preparations  to  normal 
healthy  volunteers  produces  severe  reactions  in 
13%,  whereas  the  incidence  of  severe  reactions  in¬ 
creases  to  93%  when  identical  preparations  are 
given  IV  to  immunodeficient  patients  (2).  Unde¬ 
sirable  consequences  of  plasma  fractionation  which 
may  play  some  role  in  these  reactions  include  the 
denaturation  of  significant  quantities  of  immuno¬ 
globulin  (7—10),  the  generation  of  pharmacologi¬ 
cally  active  molecules  from  labile  plasma  proteins 
(11),  and  the  inability  to  identify  and  remove  these 
active  contaminants  from  the  final  product. 
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!t  appeared,  therefore,  that  a  method  should  be 
sought  to  produce  an  immunoglobulin  preparation 
.  ''.'ith  properties  the  same  as.  or  very  similar  to, 
■dose  of  the  IgG  in  fresh  plasma.  The  immediate 
goal  was  to  prepare  a  stable,  undenatured  IgG  that 
could  be  used  for  the  treatment  of  life-threatening 
viral  infections  in  chronically  immunosuppressed 
renal  transplant  recipients.  Infection  is  the  most 
serious  complication  of  immunosuppression  and 
is  the  most  common  cause  of  death  (12),  and  cy¬ 
tomegalovirus  (CMV)  infections  have  been  estab¬ 
lished  as  a  major  cause  of  morbidity  and  mortality 
in  these  transplant  patients  (13).  A  number  of  po- 
tentiallv  useful  antiviral  agents,  such  as  idoxun- 
dine  (alone  or  in  combination  with  novobiocin), 
cytosine  arabinoside  (ara-C),  and  adenine  arabi- 
noside  (ara-A),  have  all  been  without  effect  (14,1 5). 
Since  the  fatal  CMV  syndrome  ultimately  results 
in  hypogammaglobulinemia  in  100%  of  the  pa¬ 
tients  in  the  third  week  following  diagnosis  and  is 
associated  vith  complete  loss  of  antibody  to  CMV 
and  death  in  100%  of  the  patients  in  the  fourth 
week  (16),  there  was  an  urgent  need  for  a  prepa¬ 
ration  of  human  IgG  which  would  be  safe  for  in¬ 
travenous  administration  in  large  doses  (200  mg/ 
kg)(l). 

.  At  the  outset,  criteria  which  had  to  be  met  before 
intravenous  human  immune  globulin  prepa- 
Tation  could  be  developed  and  used  clinically  were 
established.  The  criteria  were  (a)  that  the  isolation 
method  be  adaptable  to  large  scale  production  in¬ 
volving  Ss  100-liter  pools  of  human  plasma;  (b)  that 
labile  plasma  proteins,  particularly  those  suscep- 
.  tible  to  activation,  be  removed  before  final  frac¬ 
tionation;  (c)  that  the  fractionated  IgG  be-HBsAg 
negative;  (d)  that  the  purification  methods  yield  an 
unaltered,  undenatured,  pure  IgG;  (e)  that  the 
normal  structural  integrity  of  the  Fc  domains, 
which  control  the  biologic  effector  functions  of 
complement  fixation  and  circulatory  half-life,  be 
retained;  (f)  that  the  preparation  be  low  in  anti- 
complementary  activity;  (g)  that  the  preparation 
contain  the  predominant  IgG  subclasses  in  which 
the  neutralizing  antibodies  of  plasma  reside;  and 
(h)  that  the  IgG  be  stable  on  storage  and  show  no 
evidence  of  aggregate  formation  or  fragmentation. 

This  paper  describes  a  method  for  isolating  na¬ 
tive  IgG  from  pooled  human  plasma.  Results  of 
structural  and  functional  analyses  of  this  IgG,  of 
immune  globulin  prepared  by  ethanol  fractiona¬ 
tion,  and  of  IgG  modified  by  reduction  and  alkyi- 
-  .ition,  or  by  plasmin  or  (3-propiolactone  treatment 
also  presented. 


METHODS 

Exclusion  Chromatography 

For  assessment  of  aggregation  and  fragmenta¬ 
tion,  the  IgG  preparations  (2  ml,  45.  mg  lgG/'ml) 
were  applied  to  a  Biogel  A- 1.5m  column  (2.6  x  94 
cm)  that  had  been  calibrated  with  proteins  of 
known  molecular  weight.  Protein  concentration  of 
the  eluate  fractions  (7  ml  each)  was  monitored  at 
280  nm;  IgG  concentration  was  determined  by  ra¬ 
dial  immunodiffusion  in  Mancini  plates. 

Thin-Layer  Polyacrylamide  Gel  Isolelectric  Focusing 

The  gel  employed  was  prepared  with  5%  acry¬ 
lamide,  0.15%  N,N'-methylenebisacry)amide,  and 
ampholytes  (pH  range,  3. 5-9. 5)  at  a  concentration 
of  2.4%  (w/v).  Its  dimensions  were  235  x  90  x  1 
mm.  An  LKB  2117  Multiphor  unit  was  used  with 
an  LKB  2103  power  supply.  Filter  paper  tabs  (5 
x  10  rnm — Paratex,  Whatman)  containing  20  p.1  of 
sample  (0.1  mg  protein)  were  used  for  sample  ap¬ 
plication.  The  3-propiolactone  IgG  was  applied 
near  the  cathode;  all  other  samples  were  applied 
near  the  anode.  The  samples  were  focused  at  4  CC 
for  90  min  at  a  constant  power  of  30  watts.  The 
application  tabs  were  removed  after  45  min.  and 
the  pH  gradient  in  the  gel  at  4  °C  was  determined 
at  the  end  of  the  run.  The  pH  was  measured  every 
10  mm  by  means  of  a  Beckman  3500  meter  with 
a  5  mm  combination  electrode  (Beckman  39505); 
the  gradient  determined  in  this  manner  spanned 
the  range  from  pH  4.9  to  pH  8.9.  After  pH  was 
measured,  the  plate  was  refocused  for  10  min, 
whereupon  the  proteins  were  fixed  for  45  min  in 
a  solution  containing  1%  (v/v)  methanol  and  0.5% 
(w/v)  sulphosalicylic  acid.  Before  staining,  the  gel 
was  soaked  in  a  solution  of  25%  (v/v)  ethanol  and 
8%  (v/v)  acetic  acid  for.  5  min.  This  step  allowed 
equilibration  to  staining  conditions  and  effected 
the  complete  removal  of  ampholytes.  The  plate  was 
then  stained  for  10  min  at  60  CC  in  a  filtered  so¬ 
lution  of  0.1%  (w/v)  Coomassie  Blue  R-250  in  the 
ethanol-acetic  acid  mixture  described  above.  Af¬ 
terward,  it  was  destained  for  at  least  48  h  in  this 
same  mixture. 

Limited  Proteolysis  Assay 

A  limited  proteolysis  test  with  plasmin  was  used 
to  estimate  the  extent  of  IgG  denaturation.  It  in¬ 
volved  incubating  a  sterile  solution  of  IgG  at  37  °C 
in  0.05  M  Tris-HGl,  0.2  M  NaCl.  0.2  M  glvcine 
(pH  8.0)  with  human  plasmin  that  had  been 
activated  with  urokinase.  A  final  1-ml  solution  con¬ 
tained  30  mg  IgG,  0.71  mg  plasmin,  and  urokinase 
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(16?  Plough  units).  After  18  h  the  reaction  was 
stopped  by  freezing  the  samples  at  -70  CC.  Frag- 
yv'ntation  was  assessed  by  exclusion  chromatog- 

\ny  on  Biogel  A-1.5m  (see  above).  The  distri¬ 
bution  of  protein  among  the  peaks  in  the  elution 
pattern  was  determined  by  planimetry  after  esti¬ 
mating  the  areas  of  overlap. 

Anti-Complementary  Activity 

As  an  additional  indication  of  IgG  denaturation. 
the  anti-complementary  activity  of  various  human 
immune  globulin  preparatic  /  ompared  with 

that  of  the  IgG  isolated  in  l  -  .rnt  study.  Com¬ 
plement  studies  were  perfon,  ed  by  Dr.  Richard 
j.  Pickering,  Research  n  vsician.  New  York  State 
Department  of  Health,  Albany,  New  York. 

Prekallikrein  Activator  (PKA)  Activity 

Assays  were  performed  by  Dr.  Barbara  M.  Alv- 
ing,  Bureau  of  Biologies.  Food  and  Drug  Admin¬ 
istration,  Bethesda,  Maryland. 


Antibody  Activity 

Assays  of  plasma  pools  and  Final  IgG  prepara¬ 
tions  were  performed  by  Dr.  Hilaire  Meuwissen  of 
the  New  York  State  Department  of  Health  Labo¬ 
ratories,  Albany,  New  York. 


er  Analyses 


Plasma  proteins  were  quantitated  with  Behring 
radial  immunodiffusion  plates,  unless  otherwise 
noted.  Cholesterol  and  triacylglvcerols  (“triglyc¬ 
erides”)  were  determined  by  automated  lipid 
analysis.  Total  protein  was  determined  by  the  biu¬ 
ret  method,  and  clotting  factors  were  determined 
by  means  of  assays  that  made  use  of  specific  factor- 
deficient  plasma.  The  concentrations  of  comple¬ 
ment  components,  prekallikrein,  and  properdin 
were  determined  by  Dr.  Henry  Gewurz,  Rush  Pres¬ 
byterian  Medical  Center,  Chicago,  Illinois. 


EXPERIMENTS  AND  RESULTS 
Preparative  Procedures 
Plasma  Collection 

Blood  was  collected  from  healthy  volunteer  adult 
donors  by  the  St.  Paul  Red  Cross,  the  University 
of  Minnesota  Blood  Bank,  and  the  Minneapolis 
War  Memorial  Blood  Bank,  The  plasma,  as  ob- 
„<Ti.ned,  was  either  outdated  or  cryoprecipitate- 
•Ay'-or.  It  was  frozen  and  stored  at  -  20  to  -  70  °C. 


Only  plasma  tested  and  found  negative  for  HBsAg 
was  used. 

Plasma  Pooling 

The  contents  of  —450  bags  were  thawed,  pooled 
into  a  sterile  container  (plasma  pool  volume,  130 
liters),  and  mixed.  Samples  were  removed  and 
tested  for  HBsAg,  antibodies  to  appropriate  vi¬ 
ruses,  bacteria,  and  fungi,  and  blood  group  al- 
loantibodies.  The  concentrations  of  total  protein, 
immunoglobulin,  and  albumin  weie  determined, 
as  were  pH  and  conductivity.  The  pool  was  stored 
at  4  °C  overnight  and  then  fractionated. 

Adsorption  with  Silicon  Dioxide 

Sterile,  pyrogen-free,  synthetic  non-crystalline 
silicon  dioxide  (Aerosil  380,  Degussa,  Teterboro, 
New  Jersey),  in  either  wet  or  dry  form,  was  added 
to  the  pooled  plasma  at  a  final  concentration  of 
20-40  grams/litcr.  The  suspension  was  stirred  with 
motor-driven  rotors  for  one  hour  at  room  tem¬ 
perature.  Care  was  taken  to  avoid  foaming.  Fol¬ 
lowing  mixing,  the  silicon  dioxide  and  its  adsorbed 
proteins  were  sedimented  at  6000  g. 

Silicon  dioxide  adsorption  of  plasma  has  been 
found  to  remove,  or  to  reduce  the  concentration 
of  HBsAg  (17),  zymogens  (18),  pyrogens  (19),  and 
a  number  of  labile  plasma  proteins  (20).  Table  1 
shows  the  results  of  this  treatment  in  the  present 
study.  The  initial  plasma  pool  had  normal  levels 
of  fibrinogen,  Factor  XII  (Hageman  factor),  prek¬ 
allikrein,  and  complement  components;  after  sili¬ 
con  dioxide  treatment,  none  of  these  factors  was 
detectable.  In  addition,  this  treatment  removed  li¬ 
poproteins,  HLA  antigens,  and  clotting  Factors  V, 
VII,  VIII  and  XI. 

The  concentrations  of  IgA  and  IgM  were  re¬ 
duced;  that  of  IgG  remained  essentially  unchanged 
except  for  the  IgG3  subclass,  which  was  either  re¬ 
moved  or  markedly  decreased  (Condie,  R.M.;  Wis- 
tar,  R.,  manuscript  in  preparation).  An  ext  sive 
study  of  antibody  activity  showed  that  neithei  the 
titers  nor  the  specific  activities  of  a  variety  of  an¬ 
tibodies  were  reduced  by  Si02  treatment  (Condie, 
R.M.  et  al,  manuscript  in  preparation).  This  is  il¬ 
lustrated  in  Table  2.  Measurement  of  antibody  ti¬ 
ters  in  plasma  before  and  after  adsorption  with 
SiOj  showed  no  change  in  antibodies  to  typhoid  O 
and  H  antigens,  in  antistreptolysin  O  or  anti-Can¬ 
dida  activity,  or  in  blood  group  alloamibodies. 

Ion  Exchange  Chromatography 

After  adsorption  with  SiO,,  the  plasma  was  sub- 
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Tabic  I,  Removal  of  the  Complement.  Coagulation  and  Kir.in  Components  of  Plasma  with  SiO: 


Concentration* 


’Total  protein  64  mpm!  mg'ml 

Fibrinogen  500  ^ 

Plasminogen  )2  •  *0  . 

^-lipoproteim  420  *  0 

HDL-associated  HLA  antigens  Prcseni  Not  detected 

Cholesterol  160  0 

Triacylglyeerols  ("tnglyceride*”)  100  50 

Clotting  Factors  Percent  Normal  Activity 

II  100  100 

V  100  0 

VII  100  0 

VIII  100  0 

Xi  100  0 

XII  (Hageman  Factor)  100  0 

Hemolytic  C  (screen)  Normal  No  Ivsis 

Hcmolviic  C  (quant.)  24  units/ml  Not  detected 

C4  480  <10 

C3  1200  <30 

C|q  194  Not  delected 

Cj  112  Not  detected 

Properdin  13.6  N'01  dfleoed 

C3P/^»  )g“  Not  detected 

PreUllikrein  84'  pmole/h-ml  _ 0 _ ^ 

*  Unless  other  units  are  given,  results  of  chemical  analyses  are  expressed  in  milligrams  per  deciliter  and  concentrations  of  complement  components 
are  expressed  in  milligrams  per  liter. 

*  CS  Proactivator. 

'  Measured  ahr»  Lituli.t  miivaiiun. 


SiO-*ircaied  Plasma 
70  mg'ml 


300 

Z) 

12 

-o 

420 

0 

Present 

Not  delected 

160 

0 

100 

50 

Percent  Norma)  Activity 

100 

100 

100 

0 

100 

0 

100 

0 

100 

0 

100 

0 

Normal 

No  lyiii 

24  unitvml 

Not  delected 

480 

<10 

1200 

<30 

194 

Not  delected 

112 

Not  detected 

13.6 

Not  detected 

1 87 

Not  detected 

84'  pmole/h-ml 

0 

rjpipcied  to  anion  exchange  chromatography.  This 
was  performed  in  four  1 6-liter  bed  capacity  stacks, 
each  containing  —650  g  QAE-A50  Sephadex  swelled 
in  pH  7.0  imidazole-acetate  sterilizing  buffer.  The 

Table  2.  Specific  Antibody  Activity  of  Native  IgG 


Antibody  Titer 

• 

Plasma  Pool 

Posi*SiOj 
Plasma  Pool 

Isolated  IgC 
(10  mg/ml) 

Typhoid  O 

512 

512 

512 

Typhoid  H 

256 

256 

1.024 

ASO1 

512 

266 

1,024 

Candida 

1.024 

4,066 

10,240 

Anli-A 

8 

4 

negative 

Ami-B 

4 

8 

4 

Herpes  simplex 

NT* 

NT 

256  IFA1 

Varicella 

NT 

NT 

64  1TA 

Rubella 

NT 

NT 

.  256  HI* 

CMV 

NT 

NT 

256  IHA' 

HBsAg 

negative 

negative 

negative 

Anli-HBs 

NT 

NT 

positive 

non-pyrogenic 

sterile 

•  ASO — antistreptolysin  0. 

*  NT — not  tested. 

‘  1FA — indirect  immunofluorescence. 
.  .  *  HI — hemagglutination  inhibition. 

'  IHA — indirect  hemagglutination. 


stacks,  the  ion  exchanger,  and  all  the  tubing  were 
also  sterilized  in  this  buffer.  Just  prior  to  use,  the 
sterilizing  buffer  was  washed  out  with  a  starting 
buffer  which  had  been  filtered  through  a  0.2  pm 
(pore  size)  filter.  The  stacks  were  arranged  in  par¬ 
allel  fle  with  the  flow  rate  kept  constant  at  150 
ml/min  through  each  stack.  The  adsorbed  plasma, 
previously  diafiltered  to  the  starting  conditions  of 
pH  and  conductivity  (see  Fig.  1),  was  centrifuged 
at  6,500  g  for  30  min  at  22  °C  and  then  applied 
to  the  top  of  the  stacks.  Samples  were  collected  in 
sterile  4-liter  graduated  cylinders.  The  eluate  was 
monitored  by  the  absorbance  at  280  nm.  After  the 
entire  plasma  pool  had  been  applied,  the  protein 
not  bound  to  the  gel  (i.e.,  IgG)  was  eluted  with 
sterile  pH  7.0  imidazole-acetate  buffer.  The  pro¬ 
tein  was  pooled  into  a  sterile  container  and  stored 
at  4  °C  until  final  concentration,  dialysis,  and  bot¬ 
tling.  A  typical  elution  profile  is  illustrated  in  Fig¬ 
ure  1.  Under  proper  conditions  of  pH  and  con¬ 
ductivity,  the  only  protein  to  emerge  in  the  first 
peak  was  IgG.  The  yields  averaged  >80%  of  the 
total  IgG  applied  to  the  column.  Albumin  can  easily 
be  recovered  in  yields  of  >85%  by  lowering  the  pH, 
and  can  be  further  purified  by  passage  over  cation 
exchange  columns. 
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Analvticii  Results:  Comparison  with 
Other  IgG  Preparations 

A"..*  ogation  and  Fragmentation 

The  immunoglobulin  preparations  isolated  bv 
the  present  method  and  bv  various  other  methods 
were  analyzed  for  aggregation  and  fragmentation. 
Figure  2A  shows  the  elution  pattern  of  the  present 
preparation  duting  exclusion  chromatography  on 
Biogel  A- 1.5m.  Neither  aggregates  nor  fragments 
constituted  as  much  as  1 9c  of  the  total  protein 
eluted.  The  elution  profile  and  position  were  con¬ 
sistent  with  a  monomeric  IgG.  accordingly,  this 
preparation  is  referred  to  as  native  IgG. 

Figure  2B  is  a  representative  elution  curve  of 
human  IgG  prepared  by  ethanol  fractionation  fol¬ 
lowed  by  reduction  and  alkylation.  The  major  peak 
was  not  symmetrical.  Aggregates  constituted  209c 
of  the  total  protein,  and  a  considerable  portion  of 
these  aggregates  had  molecular  weights  of 
>1.000,000. 

Figure  2G  is  a  protein  elution  curve  of  human 
IgG  treated  with  p-propiolactone.  This  IgG  con¬ 
tained  more  than  149c  aggregates,  some  of  which 
had  very  high  molecular  weight.  It  also  contained 
detectable  levels  (2.5%)  of  IgG  fragments  (50.000 
molecular  weight).  The  main  peak  comprised  only 
the  total  protein. 

rfgure  2D  is  a  representative  elution  curve  char¬ 
acteristic  of  IgG  prepared  bv  methods  involving 
ethyl  alcohol  precipitation,  polyethylene  glycol, 
and  salt  precipitation.  The  protein  elution  curve 
was  not  symmetrical.  Sixteen  percent  of  the  total 
protein  comprised  high  molecular  weight  aggre- 
ga.es.  This  included  dimers,  trimers,  tetramers, 
and  aggregates  with  >  1,000,000  molecular  weight. 
There  were  no  appreciable  quantities  of  frag¬ 
mented  IgG. 

Figure  2E  is  an  elution  curve  from  an  ethanol- 
fractionated  IgG  which  was  degraded  by  plasmin. 
Although  the  amount  of  aggregates  was  reduced, 
279c  of  the  total  protein  consisted  of  IgG  fragments 
with  a  molecular  weight  of  ~52,000.  Intravenous 
immunoglobulins  have  been  prepared  by  treating 
alcohol-fractionated  IgG  with  plasmin.  However, 
the  degree  of  proteolysis  is  difficult  to  control,  and 
fragments  of  the  plasmin-degraded  material  may 
be  cleared  very  rapidly  from  the  circulation  (21,22). 

Figure  2F  represents  the  elution  profile  of  an 
ethanol-precipitated  IgG  preparation  analyzed  with 
respect  to  total  protein,  IgG,  IgA,  and  IgM.  The 
hie\ molecular  weight  aggregates,  as  well  as  the 
o/y.Vners,  were  all  composed  of  IgG. 


Table  3.  Comparison  or  'he  Molecular  Sue  Distri¬ 
bution  of  Native  IgG  with  that  ci  Other  Human  IgG 
Preparations1 


Preparauoi. 

Aggregates 
>300.000  MW 
■  (St). 

Monomeu 
160.000  MW 

(V 

Fragment. 

30.000 

Lmw 

(9) 

Native  human  IgG  IV 

<  1 

OG 

<i 

EtOH  IgC  IM 

16 

84 

o 

EtOH  plasmin  IgG  IM 

7 

63 

27 

Rrduced/.lkvlated  IgG  IV 

20 

80 

<1 

8*propiolactone  IgG  JV 

14 

83 

2.3 

*  Determined  bt  exclusion  chromatographs  .In  each  sample  protein 
concentration  was  *15  mg  ml.  the  lota!  volume  2  ml  and  the  total  protein 
90  mg.  Each  sample  was  applied  ioa2.6  *  9-i  cm  b.ope!  A  - 1 .5m  column. 


Precipitation  of  IgG  with  ethanol,  chemical  mod¬ 
ification  with  (3-propiolactone,  and  reduction  and 
alkylation  all  resulted  in  significant  quantities  of 
aggregates  (Table  3). 

Isoelectric  Focusing 

The  isoelectric  range  of  the  immunoglobulin 
preparations  examined  is  presented  in  Table  4. 
The  native  IgG  sample,  prepared  by  the  method 
described  above,  showed  an  isoelectric  point  (pi) 
range  of  6.4-8.S.  The  p-propiolcctone-tieated 
IgG,  with  a  pi  range  of  5. 6-7. 2,  exhibited  a  sig¬ 
nificant  chemical  modification  of  surface  charge. 
P-Propiolactone  reacts  with  carboxyl,  amino,  hy¬ 
droxyl,  sulphydryl,  and  phenolic  groups  of  pro¬ 
teins  (23).  Ethanol-precipitated  IgG  had  a  some¬ 
what  narrower  range  than  the  native  material. 
However,  the  ethanol-  and  plasmin-treated  IgG 
had  the  broadest  pi  range  (6.18-9.43). 

The  thin-layer  polyacrylamide  gel  (Fig.  3)  from 
which  these  ranges  were  derived  demonstrates  an¬ 
other  feature  of  these  immunoglobulin  prepara¬ 
tions,  namely,  the  macroheierogeneity.  The  two 
procedures  which  introduced  significant  macroh- 

Table  4.  Isoelectric  Range  of  Various  Human  IgG 
Preparations' 


Preparation  pi  Range 

EtOH  IgG  IM,  6. 7-8.7 

EiOH  IgG  IM,  7. 0-8.8 

EtOH  plasmin  IgG  IM  6.18-9.43 

Native  human  IgG  IV  6.4— 8.8 

Reduced/alkylaied  IgG  IV  6. 5-9.0 

3*Propiolactone  IgG  IV  5. 6-7. 2 


*  Determined  b'  thin*)aver  isoelectric  focusing  in  polyacrvlamidc  gels. 
In  each  sample  protein  concentration  was  5.0  mg/ml.  the  total  volume 
20  pi,  and  the  loul  protein  0.1  mg. 
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Figure  3.  Thin-layer  isoelectric  focusing  of  various  immunoglobulin  preparations  in  polyacrylamide  gel  The  pH  gradient  and  the 
preparations  analyzed  are  indicated  on  the  figure.  Samples  containing  0,1  mg  protein  were  focused  for  a  total  of  100  min  and 
stained  with  Coomassie  Blue. 


eterogeneity  were  the  fl-propiolactone  treatment 
and  plasmin  digestion.  The  sharp  dense  bands  in 
the  plasmin-treated  sample  were  derived  from 
fragmentation  of  aggregates  and  degradation  of 
jr-v  some  of  the  monomeric  molecules.  The  (3-propi- 
>  olactone-treated  IgG  demonstrated  the  most  marked 
alterations,  leading  one  to  expect  an  impairment 


of  some  effector  functions  of  the  molecule  (4,5). 
In  addition,  alteration  of  surface  charges  indicates 
that  native  groups  have  been  replaced  by  new 
chemical  groupings  which  might  act  as  new  anti¬ 
genic  determinants  capable  of  generating  antibody 
which  could  react  with  the  {3-propiolactone-treated 
molecule  (24). 
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Figure  4.  Immunoelectrophoresis  of  various  immunoglobulin  preparations.  The  electrodes  and  the  preparations  analyzed  are 
indicated  on  the  figure.  Samples  (40  mg  protein/ml)  were  subjected  to  ISO  \  for  80  min  and  allowed  lo  diffuse  against  antiserum 
for  24  h.  Plates  w'ere  washed  for  48  h  and  stained  with  Amido  Black.  Plate  A  troughs  contained  anti-human  lgC  (-y-chain  specific), 
plate  B,  anti-whole  human  serum. 


Immunoelectrophoresis 

Figure  4  shows  the  relative  electrophoretic  mo- 
/T/ties  of  the  IgG,  as  well  as  the  impurities,  in  var- 
£o!s  IgG  preparations.  As  expected  from  the  re¬ 
sults  of  isoelectric  focusing  (Fig.  3),  p-propiolactcne- 


treated  IgG  exhibited  clearly  altered  electropho¬ 
retic  mobility  (Fig.  4A).  The  other  preparations 
showed  electrophoretic  mobilities  similar  to  that  of 
IgG  in  plasma. 

To  demonstrate  the  presence  of  other  proteins 
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Table  5.  Comparison  of  Anti-Complementary  Activity  (Cl  Binding)  of  Five  Human  IgC  Preparations 


*\ 

Preparation 

Percent 

Monomer 

Percent 

Aggregation 

A  nu*Complenienur' 

•  Activitv* 

Sjiivc  lrC>  IN' 

oo 

<1: 

50.00 

EtOH  IpG  Red  Cross  IM 

69 

3(» 

0.1 5 

EtOH  1$C.  IM 

M 

16 

0  44 

EtOH-Reduced'alkvlaied  IgG  IN' 

SO 

20 

S.00 

EtOH-plasmin  IgG  IM 

6S1' 

/ 

22.00 

*  Micrograrm  of  protein  required  to  fix  505r  Cl 
b  Fragment  (52.000  MW)  comprised  275  of  this  preparation. 


in  these  preparations,  immurioelectrophoresis  was 
performed  with  ami-whole  human  serum  (Fig. 
4B).  This  experiment  showed  that  the  (Lpropi- 
olactone-treated  IgG  contained  two  major  com¬ 
ponents  and  at  least  two  other  proteins  that  formed 
arcs  near  the  well.  One  ethanol-precipitated  prep¬ 
aration  contained  a  small  quantity  of  an  anodal 
component  and  two  minor  components  that  ap¬ 
peared  as  arcs  near  the  well;  moreover,  it  showed 
some  splitting  of  the  major  IgG  arc.  A  second 
ethanol-precipitated  immunoglobulin  contained 
the  two  minor  components,  but  exhibited  neither 
the  anodal  component  nor  splitting  of  the  IgG  arc. 
,  The  native  IgG  appeared  essentiallv  homogeneous 
y  this  technique;  in  addition  to  the  IgG,  only  a 
""single  minor  arc  was  observed. 

Anti-Complementary  Activity 

In  its  normal  state  in  blood,  IgG  does  not  interact 
appreciably  with  components  of  the  complement 
system.  The  biologically  active  sites  within  the  Fc 
region  of  IgG  that  interact  with  complement  are 
expressed  or  exposed  as  a  result  of  conformational 
or  structural  changes.  Such  changes  normally  oc¬ 
cur  following  the  combination  of  a  specific  anti¬ 
body  with  surface  antigens  on  bacteria,  viruses,  or 
altered  cells.  This  combination  mediates  many  as¬ 
pects  of  inflammation  and  facilitates  ingestion  of 
pathogens  by  phagocytes.  Once  the  site  in  the  Fc 
region  is  exposed,  the  First  component  of  comple¬ 
ment  (Cl)  attaches  through  a  non-covalent  linkage 
or  ionic  bond,  which  results  in  enzymic  activation 
of  the  complement  cascade.  Structural  alterations 
(such  as  aggregate  formation)  also  expose  these 
biologically  active  complement-fixing  sites  on  the 
IgG  molecule.  Therefore,  the  extent  of  comple¬ 
ment  Fixation  or  anti-complementary  activity  of 
IgG  can  be  used  as  a  measurement  of  denaturation 
-r;  and  alteration  from  the  native  state. 

It  was  observed  in  1944  (25)  that  fractionated 
IgG  was  anti-complementary.  Subsequently,  it  was 


demonstrated  that  aggregates  in  the  fractionated 
IgG  were  responsible  for  this  effect  (26).  Later,  in 
1959,  it  was  shown  that  heat-denatured  (aggre¬ 
gated)  IgG  Fixed  complement  in  a  manner  indis¬ 
tinguishable  from  that  of  antigen-antibody  com¬ 
plexes  (27). 

In  our  studies,  the  comparison  of  anti-comple- 
mentary  activity  of  various  IgG  preparations  was 
made  by  determining  the  number  of  micrograms 
of  IgG  protein  required  to  Fix  509r  of  a  standard 
preparation  of  complement  component  Cl  (28).  In 
general,  there  was  a  direct  relationship  between 
the  extent  of  aggregation  and  the  anti-comple¬ 
mentary  activity  (Table  5).  The  only  exception  to 
this  direct  relationship  was  shown  by  the  reduced 
and  alkylated  IgG.  Although  its  aggregate  content 
was  similar  to  that  of  the  ethanol-precipitated  prep¬ 
arations,  its  complement-fixing  activity  was  less 
than  one- seventeenth  as  great  (Table  5).  Thus  the 
reduction  and  alkylation  process  evidently  de¬ 
creased  the  anti-complementary  activity.  Similarly, 
plarmin  digestion  and  P-propiolactone  treatment 
reduce  the  anti-complementary  activity  of  immu¬ 
noglobulin  preparations,  even  though  appreciable 
quantities  of  aggregates  produced  by  the  fraction¬ 
ation  process  may  be  present.  Complement  Fixa¬ 
tion  therefore  appears  to  have  real  limitations  as 
a  tool  for  assessing  the  denaturation  of  IgG. 

Susceptibility  to  Limited  Proteolysis 

The  unfolding  of  native  proteins  makes  peptide 
bonds  more  accessible  to  enzymic  action;  hence, 
one  would  expect  denatured  proteins  to  be  more 
susceptible  than  native  proteins  to  proteolysis  by 
enzymes  such  as  plasmin.  To  assess  the  extent  of 
denaturation,  the  present  IgG  preparation  and  im¬ 
munoglobulins  prepared  by  other  methods  were 
therefore  exposed  to  plasmin.  The  effects  of  this 
exposure  to  plasmin  on  the  behavior  of  IgG  during 
exclusion  chromatography  are  illustrated  in  Figure 
5.  Native  IgG,  incubated  at  37  °C  for  18  h  without 
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figure  5.  Effect  of  plasmin  treatment  on  native  IN'  IgG  and  ethanol-precipitated  IM  IgG.  Elution  patterns  show  the  chromatographic 
behavior  of  immunoglobulins  on  Biogel  A- 1.5m  (see  Fig.  2)  after  incubauon  at  37  °C  for  18  h  in  the  absence  (left)  or  presence 
(right)  of  plasmin. 


•»  ^ 
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plasmin,  was  eluted  from  che  Biogel  column  in  a 
symmetrical  peak  that  corresponded  to  a  molecular 
weight  of  160,000  (cf.  Fig.  2  A).  Following  the  treat- 
r^*pt  with  plasmin,  the  native  IgG  appeared  un- 
a*\ved.  In  contrast,  the  elution  pattern  of  an 
ethanol-precipitated  (IM)  immunoglobulin  prep¬ 


aration  incubated  at  37  °C  for  18  h  with  no  enzyme 
showed  extensive  aggregation,  including  oligomers 
and  high-molecular  aggregates,  Incubation  of  this 
preparation  with  plasmin  under  the  identical  con¬ 
ditions  as  the  native  IgG  resulted  in  the  disap¬ 
pearance  of  most  aggregates,  reduction  of  the  main 
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Tahic  6.  Differential  Effect  of  Plasmin  on  EtOH  IM 
.-.\-JpG  and  Native  IgG 


Sample 

Percent* 

Ascrerate? 

Percent  in 
I60.UU0  Peak 

Perceni  in 
32.000  Peat 

EtOH  lfC  IM 

13 

87 

<1 

ElOH  IgG  IM  -  Plasmin 

1 

48 

5! 

Percent  160,000  peak 

degraded  by  masmin 

39" 

Native  IgG 

<1 

99 

0 

Native  IgC  -*■  Plasmin 

0 

98 

1 

Percent  160.000  pc«tk 

degraded  b«  y  ..smin 

i" 

*  Vaiues  determined  bs  planimetry  of  eijuon  curves  obtained  bv  ex¬ 
clusion  chromatograph'  on  Biopel  A- 1.5m  (see  Fig.  5). 

*  Determined  by  difference. 


(160,000  molecular  weight)  peak,  and  formation 
of  a  second  peak  containing  52,000  molecular 
weight  fragments  of  IgG. 

Quantitation  of  the  differential  effect  of  plasmin 
on  ethanol-precipitated  (EtOH  IM)  and  native  IgG 
is  presented  in  Table  6.  Not  only  the  aggregates, 
but  also  the  main  (160,000  molecular  weight)  com¬ 
ponent  of  the  former  was  sensitive  to  plasmic  pro- 
.  •  ..teolysis.  At  least  399c  of  the  monomeric  IgG  was 
^fhydrolvzed  and  appeared  as  52,000  molecular 
weight  fragments.  Other  methods  of  preparing 
IgG,  including  (5  propiolactone  treatment,  reduc¬ 
tion  and  alkylation,  salting  out,  and  polyethlene 
glycol  precipitation,  render  the  protein  susceptible 
to  attack  by  plasmin.  The  limited  proteoluic  assay 
appears  to  provide  a  more  direct  assessment  of  IgG 
denaturation  than  does  the  complement  fixation 
test. 

Prekr Hikrein  Activator  Ac*:vity 

It  has  been  proposed  that  the  flushing,  ery¬ 
thema,  and  hypotension  associated  with  the  IV  in¬ 
fusion  of  Plasma  Protein  Fraction  (PPF)  under  cer¬ 
tain  conditions  result  from  the  presence  of 
Hageman-facior  fragments  (prekallikrein  activa¬ 
tor,  PKA)  activated  during  ethanol  fractionation 
of  plasma  (1 1).  The  present  preparation  is  free  of 
this  contaminant,  whereas  IM  ethanol-precipitated 
immunoglobulins  can  contain  high  levels  of  PKA, 

Circulatory  Half-Life  i 

Intravenous  injection  of  fresh  human  plasma  is 
generally  safe  and  not  associated  with  adverse  re- 
7 r-  actions.  The  IgG  present  ir,  fresh  plasr  a  has  a 
-V-' half-life  of  24—32  days.  Therefore,  a  native  IgG 
preparation  should  be  expected  to  possess  similar 


Table  7.  Circulatory  Half-Life  of  Various  Human  IgG 
Preparations  Following  Intravenous  Administration 


Preparation 

Half-Life* 

Nauvc  igG 

Fresh  plasma  (IgG) 

24-32 

EtOH  plajmin  lfC 

intact  IgC 

l£r-20 

Pc  fragment 

8-10 

Fab  fragment 

5  h 

g-Propiolaciont  IjrG 

4-12 

1  Expressed  »n  d2\s  unless,  oiher  uni;  given 


characteristics  upon  intravenous  administration. 
Table  7  includes  the  circulatory  half-lives  of  several 
IgG  preparations.  The  present  preparation  had  a 
half-life  of  1 8 — 28  days.  The  other  preparations 
showed  significantly  reduced  half-lives,  ranging 
from  5  h  for  the  Fab  fragments  in  the  plasmin- 
treated  product  to  18-20  days  for  its  monomeric 
IgG  component.  (3-Propiolactone-treated  IgG  is 
reported  to  have  a  half-life  of  4-12  days  (4,5). 

Clinical  Lise  and  Adverse  Reactions 

Depending  on  the  patient  population,  adverse 
reactions  to  the  IV  administration  of  immuno¬ 
globulin  can  vary,  e.g.,  from  93%  in  patients  with 
an  immunodeficiency  syndrome  to  13%  in  normal, 
healthy  individuals  (2).  Normal  plasma  does  not 
produce  reactions  in  either  group  (Table  8).  (3-Pro- 
pioiactone  treatment  of  IgG  significantly  reduces 
the  incidence  of  severe  reactions  (from  93%.  to 
15%)  in  immunodeficient  patients  (5).  Native  IgG, 
however,  causes  an  even  lower  reaction  rate  (<  1  %). 


Table  8.  Incidence  of  Severe  Reactions  to  Intravenous 
Administration  of  Various  IgG  Preparations 


Kumbei  of 

Incidence  of 

Prepa  rauon 

Patients 

Reactions 

Refe-ence 

Normal  Fresh  Plasma 

Immune  deficiency 

Kirkpatrick  C.  H 

syndrome  patients 
Nauvc  IgG 

6 

none 

(This  volume) 

Patients  with  life* 

threatening  infections 
ElOH  IgG 

107 

<15 

Present  study 

Normal,  healthy 
persons 

5b 

139t 

Immune  deficiency 
syndrome  patients 

15 

9391 

: 

fr-Propiolactone  IgG 

Immune  deficiency 
syndrome  pauents 

12 

1591 

5 

»>*■  ~  ■  v  fc' 
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Table  9.  Clinical  Use  of  Human  Intravenous  Irnrnu- 
■  'pbulin' 


Total  Number 

Pauenis  treaieri 

ic: 

IV  administrations  (20-200  mg/kg) 

896 

Crams  protein  administered 

36SS 

Side  effect.* 

Scriot  eactions 

0 

Mild  reactions 

?  '* 

HB?  \g  conversions 

1 

•  The  IgO  "as  prepared  by  chromatograph*  iOAE-A5(l  Sephadex) 
of  SiO.-treaied  plasma.  Starling  material:  Red  Cross  outdated  and  cr*o- 
prccipitair-poor  plasma  from  volunteer  donors  Total  quamil*  of  IgC 
prepared:  -4715  grams.  Time  span:  December  20,  19'4-Junc  20.  197V 

1  Reactions  reported:  flush,  headache  alone,  and  headache  with  chills. 

The  total  clinical  experience  with  patient  who 
have  been  followed  for  at  least  six  months  after 
they  received  IV  IgG  is  summarized  in  Table  9. 
During  the  past  four  and  one-half  years,  167  pa¬ 
tients  received  IV  IgG  in  doses  ranging  from  20 
to  200  mg/kg.  Problems  associated  with  adminis¬ 
tration  of  this  preparation  have  been  minimal.  In 
a  total  of  896  separate  IV  administrations,  five  re¬ 
actions  occurred.  These  consisted  of  flushing, 
jfi^ache  and  chills.  The  single  patient  in  whom 
tiffre  was  HBsAg  conversion  received  more  than 
40  units  of  blood  during  a  long  and  stormy  clinical 
course. 

DISCUSSION 

In  the  past,  most  attempts  to  prepare  an  im¬ 
munoglobulin  that  would  be  safe  for  IV  use  have 
involved  the  addition  of  a  stabilizer  (e.g.,  sucrose, 
reducing  sugar,  albumin)  or  modification  of  the 
product  after  fractionation.  The  rationale  for  the 
present  effort  to  prepare  a  native,  undenatured 
(rather  than  a  modified)  IgG  stems  from  the  view 
that  preserving  the  normal  structural  integrity  of 
this  complex  molecule  will  re.  uh  in  a  stable,  safe 
and  more  effective  product. 

Over  the  years  instability  has  been  a  consistent 
troublesome  characteristic  o.f  purified  human  im¬ 
munoglobulins,  suggesting  that  these  proteins  are 
either  inherently  unstable  or  irreversibly  altered 
during  fractionation  and  that  these  properties  are 
somehow  responsible  for  the  adverse  reactions 
produced  by  intravenous  administration. 

More  careful  examination  of  the  problem  points 
„7y“w  complex  set  of  conditions,  possibly  involving 
tlkce  contamination  by  PKA  activity  generated 
from  labile  plasma  protein  precursors  as  well  as 
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alteration  of  the  structures  within  the  IgG  molecule 
that  control  its  biologic  effector  functions.  This 
alteration  takes  the  form  of  aggregate  formation 
and  spontaneous  cleavage  of  IgG  during  storage, 
leading  ultimately  to  reduced  biologic  effective¬ 
ness.  Evidence  that  isolated  IgG  preparations 
undergo  degradative  changes  during  storage  in 
solution  was  first  denoted  by  a  splitting  of  the  pre¬ 
cipitin  arc  during  irr munoelectrophoresis  (29). 
Later  studies  showed  that  during  storage  at  4  °C 
dimerization  of  up  to  20*7c  of  the  IgG  molecules 
could  occur;  this  was  accompanied  by  increased 
vulnerabilitv  to  proteolysis  by  contaminating  en¬ 
zymes  (30).  In  IgG  isolated  from  plasma  by  the 
Cohn-Oncley  method  the  contaminating  enzyme 
was  plasmin,  and  the  level  of  fragments  (3.5  S  Fab 
and  Fc)  formed  during  storage  could  reach  60 7c 
of  the  total  protein  (31). 

The  biologic  effectiveness  of  aged,  fragmented 
preparations  of  human  IgG  was  shown  to  be  im¬ 
paired  (when  compared  to  fresh,  unfragmented 
materia!)  by  their  decreased  ability  to  induce  pas¬ 
sive  protection  in  guinea  pigs  against  challenge 
with  tetanus  toxin  and  in  monkeys  against  poliom¬ 
yelitis  virus  Type  I  (3).  The  significantly  reduced 
biologic  effectiveness  was  apparently  the  result  of 
both  a  reduction  in  the  number  of  intact  neutral¬ 
izing  anubody  molecules  and  the  marked  reduc¬ 
tion  in  circulator)1  half-life  that  occurs  when  the 
Fab  fragments  are  cleaved  away  from  the  Fc  do¬ 
main,  which  regulates  the  circulation  time  of  IgG 
(32,33). 

The  present  procedure  for  isolating  IgG  circum¬ 
vents  this  type  of  degradation  problem.  In  this 
procedure  plasminogen  and  plasmin  are  removed 
during  the  first  step  by  adsorption  of  the  plasma 
w  h  SiOy. 

Even  if  the  cold-ethanol  fractionation  method 
could  routinely  yield  IgG  preparations  that  were 
free  of  enzymic  activity,  the  aggregation  of  IgG 
that  occurs  during  this  process  would  continue  to 
present  a  major  problem.  The  extreme  suscepti¬ 
bility  ci  immunoglobulins  (in  contrast  to  other 
plasma  proteins)  to  the  denaturing  action  of  ethanol 
was  recognized  by  Cohn  (7).  Control  of  the  same 
Five  variables  (temperature,  ionic  strength,  pH, 
ethanol  and  protein  concentrations)  that  were 
shown  to  determint  :he  purity  and  yield  of  each 
protein  isolated  (7)  also  determines  the  extent  of 
denaturation  of  these  proteins  (Condie,  R.M.;  Be¬ 
thel,  G.U.,  manuscript  in  preparation). 

The  denatured  IgG  molecule  exhibits  a  number 
of  altered  biologic  effector  functions.  Although 
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;ome  alterations  from  the  name  state  can  be  dem¬ 
onstrated  by  structural  studies  and  othet  tests  per¬ 
formed  in  vitro .  behavior  of  such  lgG  in  the  cir¬ 
culation  can  only  be  assessed  by  studies  in  vivo. 
Thus  the  final  definition  of  the  native  molecule 
must  comprise  both  structural  and  biological  evi¬ 
dence.  The  former  includes  electrophoretic  mo¬ 
bility,  isoelectric  point(s),  molecular  weight  (free¬ 
dom  from  aggregates  and  fragments),  anti¬ 
complementary  activity  (low),  and  resistance  to 
proteolysis.  The  biological  indicators  include  cir¬ 
culators'  half-life  (and  absence  of  rapidly-cleared 
components),  safety  for  intravenous  administra¬ 
tion  in  large  quantities  (200  mg/kg),  and  freedom 
from  components  that  activate  the  complement, 
coagulation,  or  kallikrein-kinin  system. 
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DISCUSSION 

dr.  stites:  What  are  the  efficacy  data  for  your  prep¬ 
aration  with  respect  to  treatment  of  renal  transplant  pa¬ 
tients  who  have  CMV? 

dr.  condie:  Seventy  percent  of  the  patients  treated 
with  the  immunoglobulin  preparation  in  high  doses  re¬ 
covered,  and  they  are  currently  alive  and  healthy.  Thirty 
percent  of  the  patients  died  as  a  result  of  CMV  infection. 
Pjf.re  is  an  indication  in  the  study  that  the  earlier  the 
fy^ment  is  initiated,  the  better  will  be  the  results.  In 
tncfirsi  part  of  the  study  this  treatment  was  used  as  a 
last  resort,  and  we  were  treating  essentially  dead  patients. 
If  CMV  can  be  diagnosed  early  in  its  course  then  we 
think  that  the  therapy  is  efficacious,  but  we  have  not 
done  a  controlled  trial. 

DR.  EKRX:  How  do  you  store  s  our  preparation,  and  do 
you  have  data  on  its  stability? 

DR.  condie:  We  stored  it  two  ways.  We  used  to  freeze 
it,  but  we  became  concerned  because  the  top  layer  on 
prolonged  freezing  seems  to  dry  out.  We  now  store  it  at 
4  ‘C.  We  have  samples  that  have  been  at  room  temper¬ 
ature  for  two  years,  and  we  have  periodically  tested  for 
aggregates  and  found  little  evidence  that  either  aggre- 
gadon  or  fragmentation  occurs  in  our  preparation  dur¬ 
ing  this  rime.  In  fact,  we  have  even  stored  plasma  for 
several  years,  after  the  silica  treatment.  No  changes  have 
been  detected,  provided  the  solution  is  sterile. 

dr.  finlayson:  What  is  the  solvent  for  vour  material 
as  you  store  it? 

dr.  condie:  It  is  0.3  M  glycine. 


dr  coxal:  Have  vou  reported  any  specific  antibodx 
lex  els? 

dr  condie:  Our  preparation,  at  a  protein  concentra¬ 
tion  of  10  mg-ml.  has  an  anti-CMV  titer  of  256  bv  im¬ 
mune  fluorescent  assax.  This  is  abcut  a  3-  to  5- fold  in¬ 
crease  of  specific  antibody  activity  over  starting  plasma. 
1  think  for  every  method  one  has  to  determine  whether 
one  is  isolating  the  active  antibodies.  There  may  be  some 
antibodies  in  human  plasma  that  are  not  in  the  major 
classes  that  we  are  isolating.  1  do  not  know  if  there  are 
any  antibodies  that  are  only  in  the  IgG3  subclass,  but  if 
there  are,  they  will  not  be  in  our  preparation. 

dr.  neumann:  If  you  apply  this  procedure  to  plasma 
known  to  contain  HBsAg,  is  the  antigen  removed  by  the 
procedure? 

dr.  condie:  It  has  been  reported  that  it  is.  We  have 
not  tested  this. 

dr.  kor.nhuber:  You  reported  that  severe  side  effects 
occurred  in  12  percent  of  the  patients  with  immuno¬ 
deficiency  who  received  (3-propiolactone-treaied  im¬ 
munoglobulin. 

dr,  condie:  These  studies  were  reported  in  the  liter¬ 
ature  in  the  early  1970’s,  when  the  P-propiolactone- 
treated  immunoglobulin  was  first  being  prepared. 

DR.  kornhuber:  We  have  only  three  patients  with  Bru¬ 
ton-type  immunodeficiency,  but  we  have  not  seen  any 
side  effects  in  these  patients  after  administration  of  the 
6-propiolactone-treated  immunoglobulin.  One  of  them 
has  received  more  than  400  grams  of  immunoglobulin 
during  the  past  10  years,  and  he  has  had  no  side  effects. 

DR.  STEPHAN:  The  half-life  of  the  p-propiolactone- 
treated  immune  globulin  in  healthy  people  is  between 
15  and  21  days;  the  half-life  you  reported  was  deter¬ 
mined  in  people  who  were  not  healthy. 

Can  proteins  other  than  IgG  be  fractionated  by  your 
method? 

dr.  condie:  Yes,  there  is  an  excellent  albumin  recov¬ 
ery,  although  we  are  not  preparing  albumin.  We  get 
between  85  and  90  percent  recover)-  of  albumin  from 
the  plasma  applied  to  the  column.  We  are  not  recovering 
albumin  routinely  because  we  have  no  need  for  it  at  the 
present  time. 

DR.  STEPHAN:  Your  stabilization  process,  which  uses 
Aerosil  (silicon  dioxide),  was  published  by  our  group 
(Biotest)  in  1968;  J  feel  one  should  mention  this. 

DR.  condie:  Yes,  our  patent  attorneys  uncovered  that. 
We  were  unaware  of  this  at  the  time  we  started. 

dr.  finlayson:  Perhaps  1  should  mention  that  Biotest 
should  have  pointed  this  out  in  view  of  the  fact  that  this 
material  has  been  referred  to  as  the  (3-propiolactone- 
treated  material  for  many  years  when,  in  fact,  as  Dr. 
Stephan  has  correctly  said,  it  was  the  p-propiolactone 
and,  also,  the  Aerosil-treated  material. 
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b)  Place  date  and  your  initial0  in  underlined  space  to  right  when  procedure  completed 

c)  P  *  protein  concentration  in  mg/ml ;  TP  =  total  protein,  in  grams. 


)  HUMAN  CRYOPOOR  PLASMA: 


Donor  it  I  Type  Source  Date  Drawn 


!  o 


O 


Donor  it  \  Type  I  Source!  Date  Drawn 


/  5  3  64  5 


3<YSJ  / 


73  7"? 


1316*1 


i  6 /S/SO 


SO 


Ml 


IIN 

m 


UvrM- 


till 


7  S 10 


o 


0 


(A2)  HUMAN  CRYOPOOR  PLASMA  (cor.t'd): 


Donor  {■ 

Type 

Source 

Pate  Drawn 

A~33l5 

W-C? 

z/z/^O 

/S33& 

a 

g /,/ 

/sms 

p/g/Z/Q 

/5  3  i3< 

o 

x/t-I/sq 

/■??%// 

a 

"  !n/ro  _ 

/C^z'2.1/ 

o 

a/2/  /**> 

/S^3tf 

a 

a/i*/so 

/S'?///  ' 

d 

WlvttD 

o 

zjiz/t* 

/5 

Hbfi-O 

z)/ 2  Un _ 

/<  ?a)fT£ 

o 

&bh  . 

/K2?A  V 

n 

zliijKd 

Aort  0 

/  f 

X/12J&) 

o 

s/ufan 

yr?2nn 

n 

sln/& 

l£2Z£j L_- 
/51^/ 

**>-  o 

%M/*o 

ISM?# 

/  r?  a  <?  / 

0 

Shjl/O  - 

/SlJVn 

• 

0 

/53Sa2^ 

/?> cn~Q 

//Jso 

/sifoO 

M\rO 

%JsO-  ■_ 

/C_32.4o 

O 

sJfijkQ _ 

n 

sliilso 

series 

o 

xhz-l&a 

n 

■  / .  / 

9///^  _. 

At Ci\  -0 

4/ttjxO 

/  'Zi'jfx 

o 

7/gk$ 

/S3&N 

0 

l/u^O 

in 

/p^  A -Q 

4 _ 

^Lnls? 

/s?So) 

O 

/<n</xi 

<3 

y.i/K> 

/S1S()0 

H 

! 

1 .  __ 

%jAQ 

iszLni 

k 

1 

\ 

i/t/Md 

B 

m 

■ 

S/f/Srg _ 

/ijy« 

c 

. 

1/aMo  _ 

/irs  /n 

irv  -G 

Y 

7/uixO 

„ _ /.  I^_ 

/  5  3  0  3  ^  ■'yw-m  Q 
i  'wi  o 

lS'3o7c\  !  ? 


7-  \&  1  $V 


7'  1 5  So 


f  ' 1  ^ '% 

"7 -1 7  -fry 

7  ./  0r$O 

"7«  /s'. 


fS2&? 

'JSITSS'S 


(A2)  HUMAN  CRYOFOOR  PLASMA  (coat'd): 


Appendix  C3 


Donor  //  j  -Type  J  Soares  Date  D-:a,vrn  Donor  if  Type 

?34  Ismt-H  li-v ihtc  .  'filVfca  6 _ 


k-0 


Cft¥t\z  I  0 


oq  ¥toS 


Source  Date  Drawn 

prQitv  ^vjlaT 


bWz.O 


k 


(siwfoi 


SS  0 


0 


arivO 


RHnngsMi 
nmiB—  mf&rMwm 


QP&W 


(oh  Alto 


tO 


Gbl&y 


M3H  0. 


a 


IS 


Q 


(5 


(fli^teo 


eo 


6lRbo 


kvkju 


a 


W1BD 


Gt vWj 


U 


blelw 


tw 


o 


c  7?<&t  I  o 


O 


o 


020  & 


O 


(5?H(9  I  c? 


if  3  izO  a 


O 


53  12  2.  \  o 


3^0- 


ulvfo 


Unto 


WnJeo 


0 1 2  ■  9>0 


(£  ■/ 7/ So 


ao2  f%d 


0  z-,%0 


9 <2  •'CO 


><so 


2-H- '  <ko 


-So 


0  ■  2.  •  So 


7'^-*2o 


"-VVTJ-k.  'O  .  .. 


(A2)  HUMAN  CRYOPOOR  PLASMA  (cont’d): 


Appendix  C3 


Donor  i?  Type  Source  Date  Drawn  Donor  j?  Type  Source  Date  Drawn 


JS3UL 

LS3Ji 

Us 3S6 


o  I#  I 


'HE/L  /<3,nz 

-n  hm  /'ZOO' 


fS'kltl 


0  0 


is: if' 


9/0  'dpf)  0  73d  3 1 


1  ffi/ 


ilBleu 


6  m 


2)  HUMAN  CRYOPOOR  PLASMA  (cont'd) 


Appendix  C3 


Donor  If  Type  Source  Date  Drawn  |  Donor  It  Type  Source  Date  Dra<m 


JJL0I61- 

LEA3IA 

L&3&11 

jlAteio. 

I  <7 •> &?5~ 

,  73^M-3 

JliaiZ 

jjj. 

iiLlUi. 

/  <3 7 


/7*S  f  24 

j.-£?  JZfS- 

-i-S-3-i 4 

L  5 3 in* 

113LLL 

AShzZ 
(5.3  n x 


O 


/yv;v\ 
_ i2_ 

<2 


lHtJhL  so 

_ ' _ la^ZiM 

_ t0>2-\  'SO 

_ JAlLLl  ^.q. 

_ (Q7J-?^Q 

_ (C,2~l<$0 

_ iO  2  f 

_ fD-tZ'^Q 

_ -7 

_ 7.  7^  ‘Q>0 

_ i__  IQ  ■Z.$J&o 

_ \d.z%i%o 

_ _7_iML 

!  "7.  2-7  7  * 


7'2-2'%* 
-7,27  ,5>o 
7  •  ^  7  »%  6 

_Z_£idi_£<?_ 

7,  2?f^O 

■7,2 


6  737//?  I 

0  73  7/7  o 
073  7/g~ _ £ 

Q.1A7JL  C 

0  7377  1  _ c 

£  Zj_Zi3  a 

O  73  720  0 

6  7  ?  >  '  -  Z  >5 


<7  7  g  7 1.7 _ >2 

■'•  ^72& _ 1 

£  UZi^£^ 

O  7  V73C  o 

0  73360  o 


h  DeL 


■S  ^  “?  7. , 

c2  ^  ?  -* 


.  -7  _  _  ,  sh^n-*- 

0  7  ^7 


(73oi\ 

g7235£- 

0  73m$~2 

0  7J3& 


S  777  .yc 
7  2  <zs  o 
9_7Sl1  d 

2  ,2q  -$Q 
<n-  2  c{  -So 


<£ZSo  I 

5-7-7  £  £ 

7 Zo  I 
._  -v  c  I 


£~--'  3  ~  £  c 
7 

U^5i  &e>, 

!  >77  ■  52. 

I  7  3.^-0 

7-  %  9~(Q 

l-2-H.io 
,2.7.9  6 


(A2)  HUMAN  CRYOPOOR  PLASMA  (cont'd): 


Appendix  C3 


*V 

f?  (A2)  HUMAN  CRYOPOOR  PLASMA 

f  •!•  ’  _  _ ...  _ 

^  ^  •  ^ 

(cent 1 d) : 

^  v 

*  «. 

*  W  ■  W  *  V.  -V  • 

Appendix  C4 

*  ,  •  .*  -  V 

‘J 

191  :j 

,«i 

-V  •  -*„ 

Pl’  .  ^*«r  **- 

r/ 

Donor  // 

Type 

Source 

Date  Drawn 

Donor  If 

Type 

Source 

Date  Drawn 

7* 

i 

/9V/7/ 

r? 

fii'fi 

U-Q-Vd 

7  MV 

O 

^  0 

•T'J  7- 

M 

Uf.3f)l. 

(7 

i 

/J -//'&' 

/  0  n  <?,? 

r) 

1 

iSMJ/)  f 

0 

/J  ~//~M 

/  r  ?  ?a- 

<? 

S' a?  -.«• 

fW/96 

/*•'!  7 

/j  "  y-M 

/r?jV  ? 

r9 

7-97  -  ft) 

‘J- 

i 

mpw 

<9 

_cr_  ... 

7  '7^-  S7 

c! 

n 

/T¥/7S 

79 

u-  7'Xl) 

/7T3l6cf 

r) 

S:  '.77  -  79 

* 

,  i 

v 
»  , . 

fP/tt'- 

-av,  7) 

a  '¥~w 

/7  3^7-7 

/O 

9  .«;? 

0 

y» 

ttsspa 

70 

/M.ss7: 

1 

Y-99  -  S19 

J 

i 

-T  ’7  7/  . . 

/;.■  •7'.' 

/ST777 

<9 

<i  "77-99 

1 

1  ^ 

/5~25yj 

<o 

7-J5T-& 

/r^  >r6 

<9  -J?9  -79 

■j 

•.i 

a 

& 

SfWff/ 

7) 

/7?  ?,S?  3 

0 

:.l 

/T  K // 

V0> . . 

?'.2iyd 

/S"3  77/1 

<r  •■:  7) 

<7-79-79 

*1 

/C3S%?  . 

7?  .. 

/  77  7 

(0 

^7/: -99 

|3 

;:j 

/-5JS-.V 

70 

* 

r9 

9  '9  9  -  79 

* 

v 

/r  ?  >/5' 

<7 

/0~ch^O 

/.37?7  < 

<7 

•3  -J/  -  9J 

*  V 
« 

a 

,V 

/r  5s  % 

„„  79 

?  -jr-& 

irsitj  . 

_ 

■■  ^Vv<-5  9 

* 

a  © 

/i~  ■!?(,<! 

/■v  -  ■  7) 

/£>-/£-&  ... 

9  ?7/£ 

y9. 

y'  -  ?  -  99 

n 

a  ! 

/rjvsfc 

7T 

M '/*'&> 

/). 

/•9'97  .. 

s 

/ 

.V 

« 

k ", 

/  r  7v/» 

/7ri.-i  7) 

?\33-  77 

'7/7^7.. 

iU-n  /) 

,••  -/7-'99  . 

* 

/V?^/ 

<7 

■7?S^7 

/1 0/1 

,/  .>  />  -i'9 

7, 

i», 

■ 

/r  5  s';<? 

7) 

9-ji  -#/> 

'•> 

a  70  -  id 

& 

73703 

79 

r-09' 

■717  </^ 

h. 

4  '  s’ '  99 

■ji 

B 

917  76 

*V1  7) 

r-^Md 

n 

■ 

9  -  j  9  -  S'  6 

9 

L** 

t* 

Ijn 

/T  33  S'? 

^C,o  /? 

9.  -iR'Zd 

W/7 

niil  ( ') 

6  -  l-S'O) 

J 

N 

« 

mvi/ 

/? 

9  -n-p_ 

23201— 

a  .. 

^  •  J  -$& 

M 

? 

H  , 

C% 

917C;cf 

79 

JU2IL- 

i  -J  -.0 

*  a 

*■^1 

V* 

'  % 

7?  /<?•/ 

/?  *•  n  7) 

<r-.2  7-  i'i 

■21271 

a 

<■'.  . 

£:; 

7,?f  ?.? 

110/1  0 

C'l'y-W) 

'222/1 

n 

.<  -//  'Y 

"j 

M 

/s'  5. 3  7  S' 

n 

3-7<r9d 

732/? 

0 

1  ' 

rM 

v  - 
.;■* 

,v 

/5?3*9 

0 

t 

/  51370 

licr.j? 

7 

»  ’ 

L‘-' 

lilH 

0 

! 

i 

s-il'il) 

737*79 

/■  z2z2H 

T 

■/ 

viii 

0 

5  "2.9  -$) 

737 7/ 

,_i2_ 

1 

c  -S-& 

V 

|  J 

tK  ?77,: 

•?.?>/y 

'0 

1 

5"’J  3- 

7  IS  27 

*V'-i  /9 

1 

£_22sSjL 

,% 

!  suin 

*7/3.1  0 

i 

9.  -.1 1  -9'd 

738/9 

ne/i  ^ 

5  1 

<7  -(a  -30 

s 

v\ 

if; 

7i?0cl 

0 

r_ 

s-,2  .1  -V  ■• 

nnx 

,YL_ 

1-0 'i'O 

>; 

unv 

0 

i 

7  mo 

/i  mi  0 

\ 

1, 

L  -f.?  ~v- 

j  i 

m 

■31 

/n3fi 

b 

iJ/ 

§  02  St  -?5 

rmo 

0 

r_ 

V 

('..  -  J-  <u 

3  .  7 

-  - . 

■  vIyOa: 

.vY.k 

*»  ,**  ,*•_**•  •  *  ***  *■••*.* 

>  /'/  •/  /  . 
iA  A  Au  >  ■  *-^  * -» 

■j'-j'V’.i 

«7  ^  -  9_  ■’.*  1*.  9- 

•.  ■ .  -  •  ■  -  -.-  •  ■  •/  •/ 

•  .  ..A.  '  »  •  »-* 

(A2)  HUMAN  CRYOPOOR  PLASMA  (cont’d) 
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Donor  ft  Type  Source  Date  Drawn 


KO  A  0 


■ii  bm  ■■■—! 

wEEBBSSMSM\ 


Type 

Source 

Date  Drawn 

n 

i- j  fo  7 

td 

K3tfL 


II 


iK9ni 

nvani 


Q  -ci ' 


'S3633 


/S' 3 


Bwaiiwi 

wmum 

mu 


Q-‘i  - 


/SV/Af 


1/37-79 


95397/  I O 


/mil 


7-9-S'i 


9-9- 


Q-?'Zd 


?-  7-/7/ 


1-7-99) 


9-9-J0 


fvr-ro 


/  T  ?y/' 


/H  I  o 


O 


/SWA? A  o 


/  5*  1 6  ’76 


//  -J? 


-J-60 


V-6-S0 


7  -  6  ~'<fD 


7)  '2  'to 


iix 


f  933/5*  I  0 


A77//  O 


0  ’  30 -U 


Ihb  -fy 


Donor  ft  Type  Source  Date  Drawn 
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nnm 
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r  I  n 


9  I  0 


/  V/.)  A 
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(A2)  HUMAN  CRYOPOOR  PLASMA  (cont’d): 
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(A2)  HUMAN  CRYOPOOR  PLASMA  (cont’d): 
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A  Complete  Concept  in  Consultation 


V 


i-  'A 
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\n*\ 


'i.N  A 

\Y.' 

.15i  ) 

lfrr< 

!v^\; 

►  V  V 
?>!>; 

ifa;-- 

'>v  A 


>&■ 


A  Diniton  of  Economic*  UUxxalory.  Inc. 

Rwwh  &  Drvalopment  C*ni*t 

640  Sib*)' Momottol  Hwy..  St  .  Paul,  4AN  65118  •  <612)457-4926 

October  19,  1981 

Sterility  Audit  Report  to:  University  of  Minnesota 

Date  Received:  October  2,  1981 

Date  Tested:  October  2,  1981 

Sample  Description:  Anti-Botulinal  Toxins  IVBG-l-A 

Date  Bottled:  October  2,  1981 

Reference:  21  CFR  Part  610.12 


Sample  Description 
#1 

#2 

n 

U 

#5 

#6 

#7 

#8 

#9 


#10 


#11 


Media* 

SCD 

TG 


SCD 

TG 

SCD 

TG 

SCD 

TG 

SCD 

TG 

SCD 

TG 

SCD 

TG 

SCD 

TG 

SCD 

TG 

SCD 

TG 

SCD 

TG 


Results 

Negative 
Negat.i  ve 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative, 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 


> >>  vt  :  ,  • 

_  _ . 

■IViiuWv^ 


viv-d 
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e  Description 

Media 

Results 

#12 

SCD 

Negative 

TG 

Negative 

#13 

SCD 

Negative 

TG 

Negati ve 

#14 

SCD 

Negative 

TG 

Negative 

#15 

SCD 

Negative 

TG 

Negative 

#16 

SCD 

Negative 

TG 

Negative 

#17 

SCD 

Negative 

TG 

Negative 

#18 

SCD 

Negative 

TG 

Negative 

#19 

SCD 

Negative 

TG 

Negative 

#20 

SCD 

Negative 

TG 

Negative 

*  SCD 
TG 


Soybean  Casein  Digest  20-25°C  incubation  for  14  days 
Fluid  Thioglycollate  30-35°C  incubation  for  14  days 

CAPSULE  LABORATORIES 


Lynn  Long 
Microbiologist 


TECHNICAL  DATA 


STERILITY  AUDIT  REPORT 


STERILITY  AUDIT  REPORT  TO:  UNIVERSITY  OF  MINNESOTA 
DATE  RECIEVED :  12/13/1982 
DATE  TEST  ENDED:  12/27/1982 

SAMPLE  DESCRIPTION:  BOTULISM  IMMUNE  GLOBULIN 

LOG  NUMBER:  14445 

REFERENCE:  [21  CFR  PART  610.12] 


ITEM 


NUMBER  MEDIA  INCUBATION  POSITIVE 
LOT  NO.  TESTED  TG  SCD  DAYS  TEMP.  TG  SCD 


^  IVBG-1B 

WfcvBG-lB 

A  V3G-  IB 
IVBG-1B 
IVBG-1B 
IVBG-lB 
IVBG-lB 
IVBG-lB 
IVBG-lB 
IVBG-lB 


1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 


32/22 

32/22 

32/22 

32/22 

32/22 

32/22 

32/22 

32/22 

32/22 

32/22 


SCD  -  SOYBEAN  CASEIN  DIGEST 
TG  -  FLUID  THIOGLYCOLLATE 


THESE  SAMPLES  PASS  THE  TEST  FOR  STERILITY 

It  is  the  client's  responsibility  to  have  on  file  test  data 
indicating  the  bacteriostatic/fungistatic  characteristics 
of  the  product 

COMMENTS  : 


Capsule  Laboratories 


Lynn  Long 
Microbiologist 

CAPSULE  LABORATORIES 


oooooooooo 


’  v  V 


•  \  ',  .  ‘C*  -  ■%  ■% 
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TECHNICAL  DATA 


STERILITY  AUDIT  REPORT 


!,’  * 

% 

£ 

w 

Hit 

*« 


STERILITY  AUDIT  REPORT  TO:  UNIVERSITY  OF  MINNESOTA 
DATE  RECIEVED:  12/13/1982 
DATE  TEST  ENDED:  12/27/1982 

SAMPLE  DESCRIPTION:  BOTULISM  IMMUNE  GLOBULIN 

LOG  NUMBER:  14445 

REFERENCE:  [21  CFR  PART  610.12] 

NUMBER  MEDIA  INCUBATION 


POSITIVE 


*  i 
\  ' 

ITEM 

LOT  NO. 

TESTED 

TG 

SCD 

DAYS 

TEMP. 

TG 

SCD 

s'i 

£ 

,■  IVBG-lB 

#11 

2 

1 

1 

14 

32/22 

0 

0 

g 

* 

/^VBG-lB 

#12 

2 

1 

1 

14 

32/22 

0 

0 

^TVBG-1B 

#13 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-lB 

#14 

2 

1 

1 

14 

32/22 

0 

0 

E\> 

tr.  j 

IVBG-lB 

#15 

o 

«# 

1 

1 

14 

•3  *,/  L.  4U 

0 

0 

IVBG-lB 

#16 

2 

1 

1 

14 

32/22 

0 

0 

LL 

IVBG-lB 

#17 

2 

1 

1 

14 

32/22 

0 

0 

■ 

IVBG-lB 

#18 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-lB 

#19 

2 

1 

1 

14 

32/22 

0 

0 

K>> 

IVBG-lB 

#20 

2 

1 

1 

14 

32/22 

0 

0 

SCD  -  SOYBEAN  CASEIN  DIGEST 
TG  -  FLUID  THIOGLYCOLLATE 


THESE  SAMPLES  PASS  THE  TEST  FOR  STERILITY 

It  is  the  client's  responsibility  to  have  on  file  test  data 
indicating  the  bacteriostatic/fungistatic  characteristics 
of  the  product 


!( 

$ 

: 


COMMENTS 


Capsule  Laboratories 

Lynn  Long  " 

Microbiologist 

CAPSULE  LABORATORIES 


i 


*  •  -  P  . 


Appendix  D  3 


TECHNICAL  DA1A 


STERILITY  AUDIT  REPORT 

STERILITY  AUDIT  REPORT  TO:  UNIVERSITY  OF  MINNESOTA 

DATE  RECIEVED:  7/30/1982 

DATE  TEST  ENDED:  8/17/1982 

SAMPLE  DESCRIPTION:  BIOLOGICS 

REFERENCE:  [21  CFR  PART  610.12] 

NUMBER  MEDIA  INCUBATION  CONTAMINATED 


ITEM 

LOT  NO. 

TESTED 

TG 

SCD 

DAYS 

TEMP. 

TG 

SCD 

IVBG-2A 

#1 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2A 

#2 

2 

1 

1 

14 

32/22 

0 

0 

BG-2A 

#3 

2 

X 

1 

14 

32/22 

0 

0 

^TVBG-2A 

#4 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2A 

#5 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2A 

#6 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2A 

#7 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2A 

#8 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2A 

#9 

2 

1 

1 

14 

32/22 

0 

0 

IVBG- 2A 

#10 

2 

1 

1 

14 

32/22 

0 

0 

SCD  -  SOYBEAN  CASEIN  DIGEST 
TG  -  FLUID  THIOGLYCOLLATE 


THESE  SAMPLES  PASS  THE  TEST  FOR  STERILITY 

It  is  the  client's  responsibility  to  have  on  file  test  data 
indicating  the  bacteriostatic/fungistatic  characteristics 
of  the  product 

COMMENTS  : 


Capsule  Laboratories 


f  /\  (/l-VV.-tA 

3 


Lynn  Long 
Microbiologist 


CAPSULE  LABORATORIES 


STERILITY  AUDIT  REPORT 

STERILITY  AUDIT  REPORT  TO:  UNIVERSITY  OF  MINNESOTA 

DATE  RECIEVED:  7/30/1982 

DATE  TEST  ENDED:  8/17/1982 

SAMPLE  DESCRIPTION:  BIOLOGICS 

REFERENCE:  [21  CFR  PART  610.12] 

NUMBER  MEDIA  INCUBATION  CONTAMINATED 
ITEM  LOT  NO.  TESTED  TG  SCD  DAYS  TEMP.  TG  SCD 


IVBG-2A 

#11 

2 

1 

1 

14 

22/32 

0 

0 

tf^IVBG-2A 

#12 

2 

1 

1 

14 

22/32 

0 

0 

V'lVBG^A 

#13 

2 

1 

1 

14 

22/32 

0 

0 

IVBG~2A 

#14 

2 

1 

1 

14 

22/3  2 

0 

0 

1VBG-2A 

#15 

2 

1 

1 

14 

22/32 

0 

0 

IVBG-2A 

#16 

2 

1 

1 

14 

22/32 

0 

0 

IVBG-2A 

#17 

2 

1 

1 

14 

22/32 

0 

0 

IVBG-2A 

#18 

2 

1 

1 

14 

22/32 

0 

0 

IVBG-2A 

#19 

2 

1 

1 

14 

22/32 

0 

0 

IVBG-2A 

#20 

2 

1 

1 

14 

22/32 

0 

0 

SCD  -  SOYBEAN  CASEIN  DIGEST 
TG  -  FLUID  THIOGLYCOLLATE 


THESE  SAMPLES  PASS  THE  TEST  FOR  STERILITY 

It  is  the  clienfo  responsibility  to  have  on  file  test  data 
indicating  the  bacteriostatic/fungistatic  characteristics 
of  the  product 

COMMENTS  : 


Capsule  Laboratories 


Microbiologist 


CAPSULE  LABORATORIES 
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e« 
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TECHNICAL  DATA 

STERILITY  AUDIT  REPORT 

STERILITY  AUDIT  REPORT  TO:  UNIVERSITY  OF  MINNESOTA 

DATE  RECIEVED :  8/?  / 1982 

DATE  TEST  ENDED:  9/10/1982 

SAMPLE  DESCRIPTION:  ANTIBOTULINAL  TOXIN 

LOG  NUMBER:  14067 

REFERENCE:  [21  CFR  PART  610.12] 


NUMBER  MEDIA  INCUBATION  POSITIVE 


ITEM 

LOT  NO. 

TESTED 

TG 

SCD 

DAYS 

TEMP. 

TG 

SCD 

C3MVBG-2B 

V^*lVBG-*2B 

#1 

2 

1 

1 

14 

32/22 

0 

0 

#2 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2B 

#3 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2B 

#4 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2B 

#5 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2E 

#6 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2B 

#7 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2B 

#8 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2B 

#9 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2B 

#10 

2 

1 

1 

14 

32/22 

0 

0 

SCD  -  SOYBEAN  CASEIN  DIGEST 
TG  -  FLUID  THIOGLYCOLLATE 


THESE  SAMPLES  PASS  THE  TEST  FOR  STERILITY 

It  is  the  client's  responsibility  to  have  on  file  test  data 
indicating  the  bacteriostatic/f unqi^tat ic  characteristics 
of  the  product 

COMMENTS  : 


Capsule  Laboratories 

Lynn  Long 
Microbiologist 


y;..  . .  . CAPSULE  LABORATORIES*. 
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TECHNICAL  DAIA 

STERILITY  AUDIT  REPORT 


STERILITY  AUDIT  REPORT  TO:  UNIVERSITY  OF  MINNESOTA 

DATE  RECIEVED:  8/27/1982 

DATE  TEST  ENDED:  9/10/1982 

SAMPLE  DESCRIPTION:  ANT IBOTUL INAL  TOXIN 

LOG  NUMBER:  14067 

REFERENCE:  [21  CFR  PART  610.12] 


NUMBER  MEDIA  INCUBATION  POSITIVE 


ITEM 

LOT  NO. 

TESTED 

TG 

SCD 

DAYS 

TEMP. 

TG 

SCD 

|P*IVBG-2B 

#11 

2 

1 

1 

14 

32/22 

0 

0 

^  IVBG-2B 

#12 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2B 

#13 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2B 

#14 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2B 

#15 

2 

1 

1 

14 

32/2  2 

0 

0 

IVBG-2B 

#16 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2B 

#17 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2B 

#18 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2B 

#19 

2 

1 

1 

14 

32/22 

0 

0 

IVBG-2B 

#20 

2 

1 

1 

14 

32/22 

0 

0 

SCD  -  SOYBEAN  CASEIN  DIGEST 
TG  -  FLUID  THIOGLYCOLLATE 


THESE  SAMPLES  PASS  THE  TEST  FOR  STERILITY 


•V 

AH 

AH 

"a-J: 


•\W 

AH 

•it  ' 


It  is  the  client's  responsibility  to  have  on  file  test  data 
indicating  the  bacteriostatic/fungistatic  characteristics 
of  the  product 


COMMENTS 

H\ 


Capsule  Laboratories 

t 

Lynn  Long 
Microbiologist 
CAPSULE  LABORATORIES 

■A  ^  o.  ^ 
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Sample  Tested: 

IVBG-1A 

Date  Bottled: 

10/2/82 

PYROGEN  TEST 

RECORD  SHEET 

Times  Tested:  1)  X 

2)  3] 

D^to 

Conditioned 

1/5/83  ■  By:  J.P. 

Date  Tested:  1/5/83 

By.- 

Rabbit  # 

cc 

Injected 

Pre 

30' 

o0' 

120' 

180' 

Avg. 

Rise 

High 

Deviation 

10 

2.03 

38.65 

38.9 

39.1 

39.0 

38.85 

.313 

.45 

11 

2.11 

38.65 

38.85 

38.85 

38.9 

38.9 

.225 

.25 

12 

m*-- - - - — 

2.22 

38.85 

39.0 

39.0 

39.05 

39.1 

.188 

.25 

PYROGEN  TEST  RECORD  SHEET 


Date 

Conditioned: 


12/13/82 


By: 


J.P. 


Rabbit  # 

cc 

Injected 

Pre 

30' 

60' 

11 

2.05 

39.25 

39.2 

39.15 

12 

2.11 

39.05 

39.35 

39.35 

13 

2.11 

39.25 

39.2 

38.9 

5 

.  ,  “i 

Group  Avg.  Rise:  .083 _ _ 

Group  Avg.  of  Highest  Deviation:  _ •  1° 

Passed:  X  Failed: 


Oortments: 


Appendix  E 


Sample  Tested:  IVBQ-1B  (rebottled) 


Date  Bottled: 

12/9/82 

Times  Tested:  1)  x 

2) 

3) 

By: 


Date  Tested: 


12/13/82 


J.P. 


"%■  ”7*  ^7*  ' 


*„~w  \  -%  'JW  ■%  rwv  ’  %  ^ 
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Sample  Tested:  •  IVBG-2A 


Date  Bottled:  7/30/82 


PYROGEN  TEST  RECORD  SHEET 

Date 

Conditioned :  1/18/83 


Times  Tested:  1)  X  2) 


3) 


By:  J.P, 


Date  Tested:  1/19/83  By> 


Rabbit  # 

cc 

Injected 

Pre 

30’ 

60' 

120' 

180' 

Avg. 

Rise 

High 

Deviation 

11  . 

1.91 

39.0 

39.15 

39.4 

39.5 

39.4 

.363 

.5 

12 

1.83 

. 

39.35 

39.25 

39.65 

39.75 

39.65 

.225 

.4 

L  13 

1.66 

39.1 

39.05 

39.4 

39.6 

39.25 

.25 

.5 

* 

- 

Group  Avg.  Rise:  . 279 


Group  Avg.  of  Highest  Deviation:  .  467 

Failed: 


Passed:  x 

Ocmments: 


BR//1Q  -  failed  -  temperature  rise  of  0.8°C 


CV 

>.v 


M 

•*1 


A 


■i 


"•i 


q 


1 

% 


V1 


ii 


.V_‘.  .v  C. 


"*■  ^ f  _rw  ’V*  V“  wj*  %w  J*  "J  •>  *  v",v  ^_v  \i  nT\  ^5»'w-*~w_*  ^  \^_V'*wVT.^ ^ wJm^}‘  *r**^.Jl  ws~ '  .*"",•  \*  /»*'*,*  ’J*"*.'-  y*  ■*  „»”■„*  '\'1/«rw,^ 


Appendix  F 


212 


-.■  *> 


C--.V 


v  ,  i  . 
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SAFETY  TEST 
LOT  ff  tVBC-1-A 


GUINEA  PIGS  5-0cc  I.P.  each 
Received  9-29-81 


Test  started  10-2-81  By  PV 

Pre  infection 


Test  ended  10-9-81  By  PV 


Weight  end  of  test  - 


vl  Brown/White 

•270  grams 

335  grams 

C Pass )  or  Fail 

if  2  Brown 

295  grams 

330  grams 

^Pass^)or  Fail 

MICE  .5cc  I.P.  each 
Type  SW  $ _ 


0 


Test  started  10-2-81  By  PV 


Test  ended  10-9-81  By  py 


Pte  injection  weight 


Weight  at  end  of  test 


£l  Not  clipped 

19 . 1  grains 

25.6 

grams 

Passer 

Fail 

^ 

;.-'2  Clipped 

20.0  grams 

24.1 

grams 

^Pass  jOX 

Fail 

CyS 

iv  - 

'.;>>• 

mb* 

K  * 

k-i 

Ltii 

55 
ftf; 


i 


; 
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SAFETY  TEST 


LOT  if  IVBG-1B  (Rebottled  12/9/82) 


GUINEA  PIGS  5.0cc  I.P.  each 
Received  12/17/82 


Test  si 


Description 


Test  ended 


t*  By_ 


//I  Brown 


#2  Black 


Pre  injection  weight 


265  grams 


Weight  end  of  test 


330  grams 


or  Fail 


230  grams 


255  grams 


r  Fail 


;ICE  .5cc  I.P.  each 


Type_ 


sw  % 


Test  started  12/15/82  By  P.V. 


Test  er 


if 1  Not  clipped 


Pre  injection  weight 


20.4  grams 


Weight  at  end  of  test 


21.1  grams 


Pass 7  or  Fail 


U2  Clipped 


19.8  gram 


21.0  grams 


Pass  #r  Fail 


The  animals  were  not  weighed  on  12/28/82  (Day  7)  due  to  a  snowstorm  that  resulted 
in  the  University  closing. 


V  V  v  \  \  V  \  V  \  1  «.  V  ^  \  *v.  V 
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SAFETY  TEST 


LOT  #  IVBG-2A 


GUINEA  PIGS  5.0cc  I.P.  each 
Received  7-77-S7 _ 

Test  started  7-30-82  By  P  -V  •  Test  ended  8-06-82  By  L~-N-  _ 


Description 


01  Brown/White 


Pre  injection  weight 
360  gm 


Weight  end  of  test 


400  gtn 


2  White 


310  gm 


/  "■ 

(  Pass  or  Fail 


Pass  or  Fail 


4ICE  .5cc  I.P.  each 


Type  SW  r~  _ 

Test  started  8-05-82  By  P,V, 


Test  ended  8-12-82  By  L.N. 


Pre  Injection  weight 


Weight  at  end  of  test 


#1  Not  clipped 


17.9  gm 


19.4  gm 


Pass' cr  Fail 


02  Clipped 


17.5  gm 


19.3  gm 


Pass  or  Fail 


■  «r  •_  K  \  \-  ,*•  .«  '.' 
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SAFETY  TEST 


LOT  It  IVBG-2B 


GUINEA  PIGS  5.0cc  I.P.  each 
Received  8-27-82 _ 

Test  started  8-27-82  By  P  «V-  &  L  -N  •  Test  ended  9-03-82 


Description 
It  1  Brown 


It  2  Brown/White 


Pre  injection  weight. 
265  gm 


250  gm 


Weight  end  of  test 
295  gm 


295  gm 


Pass Jor  Fail 


Pass  jor  Fail 


MICE  .5cc  I.P.  each 

Type  SW  ^ _ _ 

Test  started  9-02-82  By  P.V. 


Test  ended  9-09-82  By  P-V- 


Itl  Not  clipped 


It2  Clipped 


Pre  injection  weight 


20.8  gm 


Weight  at  end  of  test 


21.0  gm 


21.3  gm 


23.0  gm 


.Pass^or  Fail 


Pass  or  Fail 


■  v  i_-  » - 
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i  fsi .  -  r_ 
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v  V£MCA:al 
E  STREET  _■ E 
Ml NNESCT A  E5-5; 


ACCOLRT 


SUPGr^Y,  OvPT 


IVBG-1A 


962917  A3 


7E  .TiPORTITO 


U  h  CHART 


ACVilT  DATE 


16:  23  «  :CT  19> 


9193-90000331 


lOf  6/19*1 


09.  9  ICFA?n  C0N9T 

3,J0fT  C  T  t  0  69  7-50  8  5-0  2 

°0Y  383,  MAYO 


.  *  '*'*  ^  '^K  -v  •  ~xT  i  -  i 


UNIVERSITY  OF  MINNESOTA  HOSPITALS  AND  CLINICS 

SUMMARY  OF  LABORATORY  RESULTS 


“ATI  6 NT  -  L  G  • 

DISCHARGE  IVBG-1B 

'  V I9  ?-  .SEX:  aGE  U  DOCTOR: 
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bed  location- ^  j  1-  3 /G  °  date  7/It/1? 

time  1  ‘r :  ^  2 
page-  1 


v  w  w.'w^ ’‘v’j’yvvv  ~-r~;r 


•\,  UNIVERSITY  Or  MINNESOTA  HOSPITALS  AND  CLINICS 

SUMMARY  OF  LABORATORY  RESULTS 

;-Atient  IVBC,  z  a 
Discharge 

•■‘;r  \\}  193- 0000000-1  S£X  AG£0  DOCTOR: 


Appendix  G 

BED  LOCATION  Q^cj3/  ( 


date8/  8/8  2 
TIME  ^  £  •  ^9 


hepatitis  a 

9L00J 

H3S  AG 

NORMAL  S 

NEG 

UN  ITS 

G  4  1140 

NcG 

ANT  I-HBC 
NEG 


-  VH  jLuG Y 
BLOOO  *BAN< 


ANT  I  — IBS 
NEG 


(  8/  5/32) 


BED  LOCATION: 

'Y-vo'->'0-Ny  o'->'  '• 


P ""V .  '  ■  ' '  *  v  •  i >  \r*i  *  V’»  k,v\lv v  ww  «v-'» '» - 


v,'*  v  v  ~r*  v  \l 


UNIVERSITY  OF  MINNESOTA  HOSPITALS  AND  CLINICS 

SUMMARY  OF  LABORATORY  RESULTS 
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/\>°ATIENT  lV?'i,  2a 
■'V.OISCV' V-jE. 

'"-V'd.  193-7CCC00  2-1SEX:  age  0 


DOCTOR: 


BED  LOCATIONS  F  0  1  9  3  /  S  p  DATE  9/  3/^ 

-  -  time,  19:27 

PAGE:  1 


V  I  R  0  L  0  G  Y~ 


8LCQ0  BANK 


BLCCC 

NORMALS 

UMTS 

AUG  31  1520 


HEPATITIS  B 

>*  B  S  A  G  h  E  E  A  G 

N  E  G  NEC 

NEC  N  E  < 

(  9 /  3/32  ) 


ANT I-HEC 
NEC 


AMI-H3E 

NEC 


ANT  I- Hr  S 
NEG 
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Chapter  I — Food  and  Drug  Administration  §  610.2 


not  acts  which  require  such  pharmacies 
to  register. 

tb)  Practitioners  who  are  licensed  by 
law  to  prescribe  or  administer  drugs  and 
who  manufacture  blood  products  solely 
for  use  in  the  course  of  their  professional 
practice. 

ic)  Persons  who  manufacture  blood 
products  which  are  not  for  sale,  rather, 
are  solely  for  use  In  research,  teaching, 
or  analysis,  including  laboratory  sam¬ 
ples. 

(d)  Carriers,  by  reason  of  their  receipt, 
carriage,  holding,  or  delivery  of  blood 
products  in  the  usual  course  of  business 
as  carriers. 

(e)  Persons  who  engage  solely  In  the 
manufacture  of  in  vitro  diagnostic  blood 
products  and  reagents  not  subject  to 
licensing  under  section  351  of  the  Public 
Health  Service  Act  (42  U.S.C.  262). 

PART  G10 — GENERAL  BIOLOGICAL 
PRODUCTS  STANDARDS 
Subpart  A — Rtltas*  Requirement* 

Sec. 

610.1  Tests  prior  to  release  required  for 
eacb  lot. 

610J2  Bequests  for  samples  and  protocols; 
offlclal  release. 

Subpart  B— General  Provision* 

610.10  Potency. 

610.11  General  eafety. 

610. 11a  Inactivated  Influenza  vaccine,  gen¬ 
eral  safety  test. 

610.12  Sterility. 

610.13  Purity. 

610.1*  Identity. 

610.15  Constituent  materials. 

610.16  Total  solid*  In  serums. 

610.17  Permissible  combinations. 

610.18  Culture*. 

Stbpait  C — Standard  Preparations  and  Limits 
ot  Potency 

610.20  Standard  preparation*. 

610.21  Limits  of  potency. 

Subpart  D— Mycoplasma 
610.30  Test  for  Jfycopinima. 

Subpart  E — Hapatltis  Requirements 

610.40  Test  for  hepatitis  B  surfaoe  antigen. 

610.41  History  ot  hepatitis  B  surface  anti¬ 

gen. 

Subpart  F — Dating  Period  Limitation* 

610.50  Date  of  manufacture. 

610.51  Periods  of  cold  storage. 

610.52  Dating  period. 

610.53  Dating  period*  for  specific  products. 
Subpart  G— Labeling  standards 

610.60  Container  label. 

610.61  Package  label. 

610.62  Proper  name;  package  label;  legible 

type. 


Sec. 

610.63  Divided  manufacturing  responsibility 

to  be  shown. 

610.64  Name  of  selling  agent  or  distributor. 

610.65  Products  for  export. 

“Aotboutt:  Sec.  216,  58  Stat.  680.  aa 
amended;  42  O.S,C.  216.  Sec.  351,  58  Stat.  702, 
as  emended;  42  DS.C.  262,  unless  otherwise 
noted. 

Souacr:  38  PR  32056,  Nov.  20,  1973,  unless 
otherwise  noted. 

Ci oss  Rcmcvcis,  For  D5.  Customs  Serv¬ 
ice  regulations  relating  to  viruses,  serums, 
and  toxins,  see  19  CFR  12.21-12.23.  For  03, 
Postal  Service  regulations  relating  to  the  ad¬ 
missibility  to  the  Dnited  States  malls  see  39 
CFR  Parti  124  and  125,  e*p.  }  125.2. 

Subpart  A — Release  Requirements 

§  610.1  Tests  prior  to  release  required 
for  each  lot. 

No  lot  of  any  licensed  product  shall 
be  released  by  the  manufacturer  prior 
"o  the  completion  of  tests  for  conformity 
with  standards  applicable  to  such  prod¬ 
uct.  Each  applicable  test  shall  be  made 
on  each  lot  after  completion  of  all 
processes  of  manufacture  which  may  af¬ 
fect  compliance  with  the  standard  to 
which  the  test  applies.  The  results  of 
all  tests  performed  shall  be  considered 
In  determining  whether  or  not  the  test 
results  meet  the  test  objective,  except 
that  a  test  result  may  be  disregarded 
when  it  is  established  that  the  test  is 
Invalid  due  to  causes  unrelated  to  the 
product. 

|  61 0.2  Requests  for  samples  and  proto¬ 
cols;  official  release. 

(a)  General.  Samples  of  any  lot  of  • 
any  licensed  product,  except  for  radio¬ 
active  biological  products,  together  with 
the  protocols  showing  results  of  appli¬ 
cable  tests,  may  at  any  time  be  required 
to  be  sent  to  the  Director,  Bureau  of  Bi¬ 
ologies.  Upon  notification  by  the  Director, 
Bureau  of  Biologies,  a  manufacturer 
shall  not  distribute  a  lot  of  a  product 
until  the  lot  is  released  by  the  Director, 
Bureau  of  Biologies:  Provided,  That  the 
Director,  Bureau  of  Biologies,  shall  not 
Issue  such  notification  except  when 
deemed  necessary  for  the  safety,  purity, 
or  potency  of  the  product 

(b)  Radioactive  biological  products. 
Sampl  :r  of  any  lot  of  a  radioactive  bio¬ 
logical  product,  as  defined  In  §  600.3  (ee) 
of  this  chapter,  together  with  the  proto¬ 
cols  showing  results  of  applicable  tests, 
may  at  any  time  be  required  to  be  sent  to 
the  Food  and  Drug  Administration  for 
offlclal  release.  Upon  notification  by  the 
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Director,  Bureau  of  Drugs,  a  manufac¬ 
turer  shall  not  distribute  a  lot  of  a  radio¬ 
active  biological  product  until  the  lot  is 
released  by  the  Director,  Bureau  of 
Drugs:  Provided,  That  the  Director,  Bu¬ 
reau  of  Drugs  shall  not  issue  such  notifi¬ 
cation  except  when  deemed  necessary 
for  the  safety,  purity,  or  potency  o*  the 
product. 

[40  FR  3131?,  July  25,  1975] 

Subpart  B — General  Provisions 
§  610.10  Potency. 

Tests  for  potency  *ha1i  consist  of  either 
In  vitro  or  in  vivo  tests,  or  both,  which 
have  been  specifically  designed  for  each 
product  so  as  to  indicate  its  potency  in 
a  manner  adequate  to  satisfy  the  inter  - 
pretation  of  potency  given  by  the  defini¬ 
tion  in  §  600.3 (s)  of  this  chapter. 

g  610.11  General  safety. 

A  general  safety  test  for  the  detection 
of  extraneous  toxic  contaminants  shall 
be  performed  on  biological  products  in¬ 
tended  for  administration  to  humans. 
The  .  eneral  safety  test  is  required  in 
addihon  to  other  specific  tests  Prescribe, 
in  the  additional  standards  for  individ¬ 
ual  products  in  this  subchapter,  except 
that,  the  test  need  not  be  performed 
those  products  listed  in  paragraph  (g>  of 
this  section.  The  general  safety  test  snail 
be  performed  as  specified  in  this  section, 
unless:  Modification  is  prescribed  in  the 
additional  standards  ror  specific  prod¬ 
ucts,  or  variation  is  approved  as  an 
amendment  to  the  product  license  under 
paragraph  (f )  of  this  section. 

(a)  Product  to  be  tested.  The  genera, 
safety  test  shall  be  conducted  upon  a 
representative  sample  of  the  product  in 
the  final  container  from  every  final  fill¬ 
ing  of  each  lot  of  the  product.  If  any 
product  is  processed  further  after  filling, 
such  as  by  freeze-drying,  sterilization,  or 
heat  treatment,  tlie  test  shali  be  con¬ 
ducted  upon  a  sample  from  each  filing 
of  each  drying  chamber  run,  steriliza¬ 
tion  chamber,  or  heat  treatment  bath. 

(b)  Test  animals.  Only  overtly  healthy 
guinea  pigs  weighing  less  than  400  grams 
each  and  mice  weighing  less  than  22 
grams  each  shall  be  used.  ,The  animals 
ghall  not  have  been  used  previous  hr 


any  test  pm pumt  "* 

(c)  Proceaure.  The  duration  of  the 
general  safety  test  shall  be  1  days  for 
both  species,  except  that  a  longer  period 
may  be  established  for  specific  products 
in  accordance  with  paragraph  CD  of 


this  section.  Once  the  manufacturer  has 
established  a  specific  duration  of  the  test 
period  for  a  specific  product,  it  canno*  be 
varied  subsequently,  except,  in  accord¬ 
ance  with  paragraph  (f)  of  this  section. 
Each  test  animal  shall  be  weighed  and 
tiie  individual  weights  recorded  imme¬ 
diately  prior  to  injection  and  on  the  last 
day  of  the  test.  Each  animal  shall  be 
observed  every  working  day.  Any  animal 
response  including  any  which  is  not  spe¬ 
cific  for  or  expected  from  the  product 
and  which  may  indicate  a  difference  in 
its  quality  shall  be  recorded  on  the  day 
such  response  is  observed.  The  test  prod¬ 
uct  shall  be  administered  as  follows: 

(D  LiQuid  product  or  freeze-dned 
product  which  has  been  reconstituted  as 
directed  on  the  label.  Inject  intraperi- 
toneally  0.5  milliliter  of  the  liquid  prod¬ 
uct  or  the  reconstituted  product  into 
each  of  at  least  two  mice,  and  5.0  milli¬ 
liters  of  the  liquid  product  or  the  recon¬ 
stituted  product  into  each  of  at  least 
two  guinea  pigs.  . 

(2)  Freeze-dried  product  for  which, 
the  volume  of  reconstitution  is  not  indi¬ 
cated  on  the  label.  The  route  of  adminis¬ 
tration,  test  dose,  and  diluent  shall  be  as 
approved  by  the  Director,  Bureau  of  Bi¬ 
ologies,  in  accordance  with  paragraph 
(f)  of  this  section.  Administer  the  test 
product  as  approved  on  at  least  two  mice 
and  at  least  two  guinea  pigs. 

(3)  NonliQuid  products  other  than 
freeze-dried  product.  The  route  of  ad¬ 
ministration,  test  dose,  and  diluent  shall 
be  as  approved  by  the  Director,  Bureau 
of  Biologies,  in  accordance  with  para¬ 
graph  <f>  of  this  section.  Dissolve  or 
grind  and  suspend  the  product  in  the  ap¬ 
proved  diluent.  Administer  the  test  prod¬ 
uct  as  approved  on  at  least  two  mice 
and  at  least  two  guinea  pigs. 

(d>  Test  ret#atremenfs.  A  safety  test  is 
satisfactory  m^lTammals  meet  all  of  the 
following  requiretiiefits: 

(1)  They  survive  the  test  period. 

(2)  They  do  not  exhibit  any  response 
which  is  net  specific  for  or  expected 
from  the  product  and  which  may  indi¬ 
cate  a  difference  in  its  quality. 

(3)  They  weigh  no  less  at  the  end  of 

the  test  period  chan  at  tne  time  of  In¬ 
jection.  .  ,  , 

(e)  Repeat  tests— (1)  First  repeat  test. 
If  a  filling  fails  to  meet  the  requirements 
of  paragraph  (d)  of  this  section  in  the 
■r^Ha.1  test,  a  repeat  test  may  be  con¬ 
ducted  on  the  species  which  failed  the 
initial  test,  as  prescribed  in  paragraph 
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of  this  section.  The  filling  Is  satis¬ 
factory  only  if  each  retest  animal  meets 
the  requirements  prescribed  in  paragraph 
(d)  of  this  section. 

(2)  Second  repeat  test.  If  a  filling  fails 
to  meet  the  requirements  of  the  first  re¬ 
peat  test,  a  second  repeat  test  may  be 
conducted  on  the  species  which  failed  the 
test:  Provided,  That  50  percent  of  the  to¬ 
tal  number  c'  animals  in  that  species  has 
survived  the  Initial  and  first  repeat  tests. 
The  second  repeat  test  shall  be  conducted 
as  prescribed  in  paragraph  (c)  of  this 
section,  except  that  the  number  of  ani¬ 
mals  shall  be  twice  that  used  in  the  first 
repeat  test.  The  filling  is  satisfactory  only 
if  each  second  repeat  test  animal  meets 
the  requirements  prescribed  In  para¬ 
graph  (d)  of  this  section. 

if)  Test  variations.  Variations  in  the 
general  safety  test,  such  as  test  dose, 
route  of  administration,  or  duration  of 
the  test  period  may  be  offered  as  an 
amendment  to  the  product  license  and 
must  receive  written  approval  by  tire  Di¬ 
rector,  Bureau  of  Biologies,  Food  and 
Drug  Administration.  Approval  will  be 
given  only  if  the  license  amendment  pro¬ 
vides  substantial  evidence  demonstrat¬ 
ing  that  the  proposed  test  variation  will 
assure  sensitivity  equal  to  or  greater  than 
the  test  prescribed  in  this  section. 

(g)  Exceptions.  The  test  prescribed  in 
this  section  need  not  be  performed  for 
Whole  Blood  (Human) ,  F.ed  Blood  Cells 
(Human),  Cryoprecipitated  Antihemo¬ 
philic  Factor  (Human) ,  Platelet  Concen¬ 
trate  (Human) ,  or  Single  Donor  Plasma 
(Human) . 

(41  FR  10891,  Mar.  15,  1976] 

§  610.11a  Inactivated  influenza  vaccine, 

general  safety  test. 

For  inactivated  influenza  vaccine,  the 
general  safety  test  shall  be  conducted  in 
the  manner  Indicated  in  §  610.11  of  this 
chapter  except  that,  with  reference  to 
guinea  pigs,  the  test  shall  be  satisfied  if 
the  product  provides  satisfactory  results 
using  either  the  subcutaneous  or  intra- 
peritoneal  injection  of  5.0  milliliters  of 
inactivated  influenza  vaccine  into  each 
guinea  pig.  The  requirements  for  general 
safety  for  Inactivated  influenza  vaccine 
shall  not  be  considered  to  be  satisfied 
unless  each  lot  of  influenza  vaccine  is 
assayed  for  endotoxin  in  comparison  to  a 
reference  preparation  provided  by  the 
Food  and  Drug  Administration,  and  such 
lot  is  found  to  contain  no  more  endo¬ 
toxin  than  the  refer  enn  preparation. 
[39  FR  40016,  Nov.  13, 1974] 
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§  610.11  Sterility, 

Except  as  provided  in  paragraphs  (f) 
and  (g)  of  this  section,  the  sterility  of 
each  lot  of  each  product  shall  be  demon¬ 
strated  by  the  performance  of  the  tests 
prescribed  in  paragraphs  (a)  and  (b) 
of  this  section  for  both  bull;  and  final 
container  material. 

(a)  The  test.  Bulk  material  shall  be 
tested  separately  from  final  container 
material  and  material  from  each  final 
container  shall  be  tested  In  individual 
test  vessels  as  follows: 

(1)  Using  Fluid  Thiogly collate  Me¬ 
dium —  (i)  Bulk  and  final  container 
material.  The  volume  of  product,  as  re¬ 
quired  by  paragraph  (d)  of  this  section 
(hereinafter  referred  to  also  as  the 
"inoculum") ,  from  samples  of  both  bulk 
and  final  container  material,  shall  be 
Inoculated  into  test  vessels  of  Fluid 
Thioglycollate  Medium.  The  inoculum 
and  medium  shall  be  mixed  thoroughly 
and  incubated  at  a  temperature  of  30* 
to  32’  C.  for  a  test  period  of  no  less  than 
14  days  and  examined  visually  for  evi¬ 
dence  of  growth  on  the  third,  fourth,  or 
fifth  day  and  on  the  seventh  or  eighth 
day  and  on  the  last  day  of  the  test  period. 
Results  of  each  examination  shall  be 
recorded.  If  the  inoculum  renders  the 
medium  turbid  so  that  the  absence  of 
growth  cannot  be  determined  reliably 
by  visual  examination,  portions  of  this 
turbid  medium  in  amounts  of  no  less 
than  1.0  ml.  shall  be  transferred  on  the 
third,  fourth,  or  fifth  day  of  incubation, 
from  each  of  the  test  vessels  and  inocu¬ 
lated  into  additional  vessels  of  medium. 
The  material  in  the  additional  vessels 
shall  be  Incubated  at  a  temperature  of 
30*  vo  32*  C.  for  no  less  than  14  days. 
Notwithstanding  such  transfer  of  mate¬ 
rial,  examination  of  the  original  vessels 
shall  be  continued  as  prescribed  above. 
The  additional  test  vessels  shall  be  ex¬ 
amined  visually  for  evidence  of  growth 
on  the  third,  fourth,  or  fifth  day  of  Incu¬ 
bation.  and  on  the  seventh  or  eighth  day 
and  on  the  last  day  of  the  incubation 
period.  If  growth  appears,  repeat  tests 
may  be  performed  as  prescribed  In  para¬ 
graph  (b)  of  this  section  and  interpreted 
as  specified  In  paragraph  (c)  of  this 
section. 

(li)  Final  container  material  contain¬ 
ing  a  mercurial  preservative.  In  addition 
to  the  test  prescribed  In  subparagraph 
(1)  (i)  of  this  paragraph,  final  container 
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mateiial  containing  a  mercurial  preserv¬ 
ative  shall  be  tested  using  Fluid  Thio¬ 
glycollate  Medium  following  the  proce¬ 
dures  prescribed  in  such  subparagraph, 
except  that  the  incubation  shall  be  at  a 
temperature  of  20'  to  25'  C, 

(2)  Using  Soybean-Casein  Digest 
Medium.  Except  for  products  contain¬ 
ing  a  mercurial  preservative,  a  test  shall 
be  made  on  final  container  material,  fol¬ 
lowing  the  procedures  prescribed  In  sub- 
paragraph  (1)(1)  of  this  paragraph, 
except  that  the  medium  shall  be  Soy¬ 
bean-Casein  Digest  Medium  and  the 
Incubation  shall  be  at  a  temperature  of 
20'  to  25'  C. 

(b)  Repeat  tests.  If  growth  appears  in 
any  of  the  test  media  during  testing  of 
either  bulk  or  final  container  material, 
the  test  may  be  repeated  to  rule  out 
faulty  test  procedures  as  follows: 

(1)  Repeat  bulk  test.  Tne  volume  of  in¬ 
oculum  to  be  used  for  the  repeat  bulk  test 
shall  be  as  prescribed  in  paragraph  (d) 
(1)  of  this  section.  The  repeat  test  shall 
be  performed  using  the  procedure  pre¬ 
scribed  in  paragraph  la)  Cl)  (1)  of  this 
section. 

(2)  First  repeat  final  container  test. 
The  number  of  test  samples  ana  the  vol¬ 
umes  of  product  used  for  the  first  repeat 
test,  shall  be  as  prescribed  in  paragraph 
(d)  (2)  of  this  section.  For  products  that, 
do  not  contain  a  mercurial  preservative, 
the  repeat  test  shall  be  performed,  using 
both  Fluid  Thioglycollate  Medium  and 
Soybean-Casein  Digest  Medium,  follow¬ 
ing  the  procedures  prescribed  in  para¬ 
graphs  (a)(l)(i>  und  (a)(2),  respec¬ 
tively,  of  this  section.  If  the  product 
contains  a  mercurial  preservative,  the 
repeat  test  shall  be  performed  using 
Fluid  Thioglycollate  Medium  and  the 
procedures  prescribed  In  paragraph  (a) 
(1)  (i)  and  (ii)  of  this  section. 

(3)  Second  repeat  final  container  test. 
J  growth  appears  in  any  of  the  first 
repeat  final  container  tests,  all  tests  of 
the  first  repeat  final  container  test  shall 
be  repeated,  provided  there  was  no  evi¬ 
dence  of  growth  in  any  test  cf  the  bulk 
material.  The  test  samples  used  for  the 
second  repeat  final  container  test  shall 
be  twice  the  number  used  for  the  first  re¬ 
peat  final  container  test. 

(c)  Interpretation  of  test  results.  The 
results  of  all  tests  performed  on  a  lot 
shall  be  considered  in  determining 
whether  or  not  the  lot  meets  the  require¬ 
ments  for  sterility,  except  that  tests  may 
be  excluded  when  demonstrated  by  ade¬ 
quate  controls  to  be  invalid.  The  lot 


meets  the  test  requirements  if  no  growth 
appears  in  the  tests  prescribed  in  para¬ 
graph  (a)  of  this  section.  If  repeat  tests 
are  performed,  the  lot  meets  the  test 
requirements  if  no  growth  appears  in  the 
tests  prescribed  in  paragraph  (b)  (2)  cr 

(3)  of  this  section,  whichever  Is 
applicable. 

id)  Test  samples  and  volumes — (1) 
Bulk.  Each  sample  for  the  bulk  sterility 
test  shall  be  representative  of  the  bulk 
material  and  the  volume  tested  shall  be 
no  less  than  10  ml.  (Note  exceptions  in 
paragraph  (g)  of  this  section.) 

(2)  Final  containers.  The  sample  used 
for  each  test  medium  or  each  incuba¬ 
tion  temperature  of  a  test  medium  for 
the  final  container  and  first  repeat  final 
container  test  shall  be  no  less  than  20 
final  containers  from  eacfiTfiuing  breach 
lot  selected  to  represent'  all  stages  of 
‘filling  from  the  bulk  vessel.  If  the  amount 
of  material  in  the  final  container  is  1.0 
milliliter  or  less,  the  entire  contents 
shall  be  tested.  If  the  amount  of  ma¬ 
terial  in  the  final  container  Is  more  than 
1.0  milliliter,  the  volume  tested  shall  be 
the  largest  single  dose  lecommeuded  by 
the  manufacturer  or  1.0  milliliter,  which¬ 
ever  is  larger,  but  no  more  than  10  milli¬ 
liters  of  material  o.'  the  entire  contents 
from  a  single  final  container  need  be 
tested.  If  more  than  2  filling  machines, 
each  with  either  single  or  multiple  nlhng 
stations,  are  used  for  filling  one  lot,  no 
less  than  10  filled  containers  shall  be 
tested  from  each  filling  machine  for  each 
test  medium  or  each  Incubation  tempera¬ 
ture  condition,  but  no  more  than  100 
containers  of  each  lot  need  be  tested.  The 
items  tested  shall  be  representative  of 
each  filling  assembly  and  shall  be 
selected  to  represent  all  stages  of  the 
filling  operation.  •  (Note  exceptions  in 
paragraph  (g)  of  this  section.) 

(e)  Culture  medium — (l)  Formulae. 
(i)  The  formula  for  Fluid  Thioglycollate 
Medium  is  as  follows: 

Pl/crn  Txcooltcoixatx  Mmi vu 


1 -cystine _  0. 5  Om. 

Sodium  chloride _ _ _ _  3. 5  Gm. 

Dextrose  (C.H^O.-E^O) _  5.  5  Gm. 

Granular  agar  (leu  than  35 %  0. 78  Gm. 

moisture  by  weight) . 

Teaat  extract  (water-soluble) .  6. 0  Gm. 

Pancreatic  digest  oi  casein _  15.  0  Gm. 

Purified  water _ - _ _  1,000.0  ml. 

Sodium  thioglycollate  (or  thi-  0.  f  Gm. 

oglyeollc  acid — 05  ml.). 

Resarurin  (0.10%  solution,  1.0  ml. 

freshly  prepared) . 
pH  after  sterilization  7.1  ±03 
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Cii)  The  formula,  for  Soybean-Casein 
Digest  Medium  Is  as  follows: 

SoTBS-m-CAsrur  Dices-.-  Mmrv 

Pancreatic  Digest  or  Casein —  17.  0  Gm. 

Fanaic  Digert  of  Soybean  3.0Gm. 

Meal. 

Sodium  Chloride _  5,  0  Gm. 

Dibasic  Potassium  Phosphate.  2.  5  C-m. 

Dextrose  (C.S-jO.EjO) -  2.  5  Gm. 

Puxtied  water _  1,000.0  ml. 

p3  after  sterilization  7.3  ±0.3 

(2)  Culture  media  requirements — (i) 
Groioth  promoting  qualities.  Each  lot  of 
dehydrated  medium  bearing  the  manu¬ 
facturer's  identifying  number,  or  each 
lot  of  medium  prepared  from  basic  In¬ 
gredient.',  shall  be  tested  for  its  growth- 
promoting  qualities  using  not  more  than 
100  organ-sms  of  two  or  more  strains  of 
microorganisms  that  are  exacting  in 
their  nutritive  and  aerobic-anaerobic 
requirements. 

(ill  Conditions  of  medium  and  design 
of  test  vessels.  A  medium  shall  not  be 
used  if  the  extent  of  evaporation  affects 
its  fluidity,  nor  shall  it  be  reused  in  a 
terility  test.  Fluid  Thioglycollate 
.Medium  shall  not  be  used  if  more  than 
the  upper  one-third  has  acquired  a  pink 
color.  The  medium  may  be  restored  once 
by  heating  on  a  steam  bath  or  in  free- 
flowing  steam  until  the  pink  color  dis¬ 
appears.  The  design  of  the  test  vessel  for 
Fluid  Thioglycollate  Medium  shall  be 
such  as  is  shown  to  provide  favorable 
aerobic  and  anaerobic  gTowth  of  micro¬ 
organisms  throughout  the  test  period. 

(ill)  Ratio  of  the  inoculum  to  culture 
medium.  The  ratio  of  the  inoculum  to  the 
volume  of  the  culture  medium  resulting  • 
in  a  dilution  of  the  product  that  Is  not 
bacteriostatic  or  fungistatic  shall  be  de¬ 
termined  for  each  product,  except  for 
those  tested  by  membrane  filtration.  Ves¬ 
sels  of  the  product- medium  mixture  (s) 
and  control  vessels  of  the  medium  shall 
be  Inoculated  with  dilutions  of  cultures 
of  bacteria  or  fungi  which  are  sensitive 
to  the  product  being  tested,  and  incubated 
at  the  appropriate  temperature  for  no 
less,  than  7  days.  Inhibitors  or  neutral¬ 
izers  of  preservatives  may  be  considered 
In  determining  the  proper  ratio. 

<f)  Membrane  filtration.  Bulk  and 
final  container  material  of  products  con¬ 
taining  oil  or  products  in  water  Insoluble 
ointments  shall  be  tested  for  sterility 
using  the  membrane  filtration  procedure 
set  forth  in  The  United  States  Pharma¬ 


copeia  1  il8th  Revision,  1970) ,  section  en¬ 
titled  "Membrane  Filtration,"  pages  853- 
854,  except  that  (i)  the  test  samples 
shall  conform  with  paragraph  (d)  of  this 
section,  (2)  the  temperature  of  Incuba¬ 
tion  for  the  test  using  Fluid  Thiuyij.ol- 
late  Medium  shall  be  30*  to  32*  C.  and 
(3)  in  addition,  for  products  containing 
a  mercurial  preservative,  the  product 
shall  be  tested  in  a  second  test  using 
Fluid  Thioglycollate  Medium  incubated 
at  20’  to  25*  C.  in  lieu  of  the  test  in 
Soybean-Casein  Digest  Medium.  Such 
Membrane  Filtration  section  Is  hereby 
incorporated  by  reference  and  deemed 
published  herein.  The  United  States 
Pharmacopeia  is  available  at  most  medi¬ 
cal  and  public  libraries  and  copies  of  the 
pertinent  section  will  be  provided  to  any 
manufacturer  affected  by  the  provisions 
of  this  subchapter  upon  request  to  the 
Director,  Bureau  of  Biologies  or  the  ap¬ 
propriate  Information  Center  Offices 
listed  in  45  CFR  Part  5.  In  addition,  an 
official  historic  file  of  the  material  incor¬ 
porated  by  reference  Is  maintained  in  the 
office  of  the  Director,  Bureau  of 
Biologies. 

(g)  Exceptions.  Bulk  and  final  con¬ 
tainer  material  shall  be  tested  for  ste¬ 
rility  as  described  above  in  this  section, 
except  as  follows: 

(1)  Different  sterility  tests  prescribed. 
When  different  sterility  tests  are  pre¬ 
scribed  for  a  product  in  this  subchapter. 

(2)  Alternate  incubation  tempera~ 
tures.  Two  tests  may  be  performed,  in  all 
respects  as  prescribed  In  paragraph 

(a)  (l)(i)  of  this  section,  one  test  using 
an  incubation  temperature  of  18*  to 
22*  C.,  the  other  test  using  an  incubation 
temperature  of  35*  to  37*  C„  in  lieu  of 
performing  one  test  using  an  incubatioD 
temperature  of  30*  to  32*  C. 

(3)  Different  tests  equal  or  superior. 
A  different  test  (such  as  membrane  fil¬ 
tration  as  set  forth  in  paragraph  (f)  of 
this  section)  may  be  performed  provided 
that  prior  to  the  performance  of  such 
test  a  manufacturer  submits  data  which 
the  Commissioner  of  Food  and  Drugs, 
finds  adequate  to  establish  that  the 
different  test  is  equal  or  superior  to 
the  tests  described  in  paragraphs  (a)  and 

(b)  of  this  section  in  detecting  contami¬ 
nation  and  makes  the  finding  a  matter 
of  official  record. 


1  Copies  may  be  obtained  irona:  United 
State*  Pharmacopeial  Convention,  lac.  12301 
Tvrtnbrook  Partway,  Rockville,  MD  20852. 
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(4)  Test  precluded  or  not  required. 
The  tests  prescribed  in  this  section  need 
not  be  performed  for  Whole  Blood  (Hu¬ 
man)  ,  Crycprecipitated  Antihemophilic 
Factor  (Human).  Platelet  Concen¬ 
trate  (Human) ,  Leucocyte  Typing 
Serum,  Red  Blood  Cells  (Human),  Single 
Donor  Plasma  (Human),  Source  Plasma 
(Human? ,  Smallpox  Vaccine  and  other 
similar  products  concerning  which  the 
Commissioner  of  Food  and  Drugs,  finds 
that  the  mode  of  administration,  the 
method  of  preparation  or  tne  special  na¬ 
ture  of  the  product  precludes  or  does  not 


require  a  sterility  test.  (^Cj  610.13 

(5)  Number  of  final  containers  more 
than  20,  less  than  2 00.  If  the  number  of 
final  containers  in  the  filling  is  more 
than  20  or  less  than  200,  the  sample 
shall  be  uo  less  than  10  percent  of  the 
containers^.  - -  ' 

Oaf  Number  of  final  containers — 20  or 
less.  If  the  number  of  final  containers 
in  a  filling  is  20  or  less,  the  sample  shall 
be  two  final  containers,  or  the  sample 
need  be  no  more  than  one  final  container, 
provided  (i)  the  bulk  material  met  the 
sterility  test  requirements  and  (li>  after 
filling.  It  Is  demonstrated  by  testing  a 
simulated  sample  that  all  surfaces  to 
which  the  product  was  exposed  were  free 
of.  contaminating  microorganisms.  The 
simulated  sample  shall  be  prepared  by 
rinsing  the  filling  equipment  with  sterile 
1.0  percent  peptone  solution,  pH  7.1m0.1, 
which  shall  be  discharged  Into  a  final 
container  by  the  same  method  used  for 
filling  the  final  containers  with  the 
product. 

(7)  Samples — large  volume  of  product 
in  final  containers.  For  Normal  Serum 
Albumin  (Human),  Plasma  Protein 
Fraction  (Human),  and  Fibrinogen 
(Human)  when  the  volume  of  product  in 
the  final  container  is  50  milliliters  or 
more,  the  final  containers  selected  as  the 
test  sample  may  contain  less  than  the 
full  volume  of  product  in  the  final  con¬ 
tainers  of  the  filling  from  which  the 
sample  is  taken:  Provided,  That  the  con¬ 
tainers  and  closures  of  the  sample  are 
Identical  with  those  used  for  the  filling 
to  which  the  test  applies,  and  the  sample 
represents  all  stages  of  that  filling. 

(8)  Diagnostic  products  not  intended 
for  injection.  For  diagnostic  products  not 
intended  for  injection,  (i)  only  the  Thi- 
oglycollate  Medium  test  incubated  at  30* 
to  32*  C,  is  required,  (ii)  the  volume  of 
material  for  the  bulk  test  shall  be  no 
less  than  2.0  ml,  and  (111)  the  sample 
for  the  final  container  test  shall  be  no 


less  than  three  final  containers  if  the 
total  number  filled  is  100  or  less,  and. 
If  greater,  one  additional  container  for 
each  additional  50  containers  or  fraction 
thereof,  but  the  sample  need  be  no  more 
than  10  containers. 

(9)  Immune  globulin  preparations. 
For  immune  globulin  preparations,  the 
test  samples  from  the  bulk  material  and 
from  each  final  container  need  be  no 
more  than  2.0  ml. 

(38  FR  32056,  Nov.  20,  1973,  as  amended  at 
40  FR  4304,  Jan.  29,  1975;  41  FR  4015,  Jan.  28, 
197A-41  JR  10428.  Mar .  11,  1976] 

Purity. 


Products  shall  be  free  from  extrane¬ 
ous  material  except  for  unavoidable  bac¬ 
teriophage.  In  addition,  products  shall 
be  tested  as  provided  in  paragraphs  (a) 
and  (b)  of  this  section. 

(a)  Test  for  residual  moisture.  Each 
lot  of  dried  product  shall  be  tested  for 
residua!  moisture  and  other  volatile  sub¬ 
stances. 

(1)  Procedure.  The  test  for  dried 
products  shall  consist  of  measuring  the 
maximum  loss  of  weight  in  a  weighed 
sample  equilibrated  over  anhydrous  P.O. 
at  a  pressure  of  not  more  than  one  mm 
of  mercury,  and  at  a  temperature  of 
20*  to  30*  C.  for  as  long  as  It  has  been 
established  is  sufficient  to  result  in  a  con-*- 
stant  weight. 

(2)  Test  results:  standard  to  be  met. 
The  residual  moisture  and  other  volatile 
substances  shall  not  exceed  1  percent 
except  that,  (1)  they  shall  not  exceed 

1.5  percent  for  BCG  Vaccine;  (ii)  they 
shall  not  exceed  2  percent  for  Measles 
Virus  Vaccine,  Live,  Attenuated;  Mea¬ 
sles-Smallpox  Vaccine,  Live;  Rubella 
Virus  Vaccine,  Live;  and  Antihemophilic 
Factor  (Human) .  (iii)  they  shall  not 
exceed  3  percent  for  Modified  Plasma 
(Bovine) ;  Thrombin;  Fibrinogen:  Strep¬ 
tokinase;  and  Streptokinase-Strepto- 
domase;  and  (iv)  they  shall  not  exceed 

4.5  percent  for  Antibody  to  Hepatitis  B 
Surface  Antigen  for  the  Reversed  Passive 
Hemagglutination  Test. 

(b)  Test  for  pyrogenic  substances. 
Each  lot  of  any  product  intended  for  use 
by  injection  shall  be  tested  for  pyrogenic 
substances  by  intravenous  injection  into 
rabbits  as  provided  in  paragraph  (b)  (1) 
and  (2)  of  this  section:  Provided,  That 
notwithstanding  any  other  provision  of 
Subchapter  F  of  this  chapter,  the  test 
for  pyrogenic  substances  is  not  required 
for  the  following  products:  Products 
containing  formed  blood  elements;  Cry- 
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oprecipitated  Antihemophilic  Factor 
(Human) ;  Single  Donor  Plasma  (Hu¬ 
man;  ;  Source  Plasma  (Human) ;  Nor¬ 
mal  Horse  Serum;  bacterial,  viral,  and 
rickettsial  vaccines  and  antigens;  tox¬ 
oids;  toxins;  allergenic  extracts;  venoms; 
diagnostic  substances  and  trivalent 
organic  arsenicals. 

(1)  lest  dose.  The  test  dose  for  each 
rabbit  shall  be  at  least  3  milliliters  per 
kilogram  of  body  weight  of  the  rabbit 
and  also  shall  be  at  least  equivalent  pro-' 
portions tely,  on  a  body  weight  basis,  to 
the  maximum  single  human  dose  recom¬ 
mended,  but  need  not  exceed  10  milliliters 
per  kilogram  of  body  weight  of  the  rab-. 
bit,  except  that:  (i)  Regardless  of  the 
human  dose  recommended,  the  test  dose 
per  kilogram  of  body  weieht  of  each  rab¬ 
bit  snau  De  at  least  1  milliliter  ior  Hh- 
nrmlS~~gioDulins  derived'  from  Human 
bioon  and  at  least  30  milligrams  lor  fri- 
brirrcreh  (Human) ;  (ii)  for' atreptoki- 
USseTstreptokinase-Streptodomase,  Ag¬ 
gregated  Radio-Iodinated  (I  “)  Albumin 
(Human) ,  Radio-Chromated  (Cr  *l) 
Serum  Albumin  (Human),  Radio-Iodi- 
nated  (!“)  Serum  Albumin  (Human), 
and  Pmdio-Iodinated  OH1)  Serum  Al7 
bumin  (Human) ,  the  test  dose  shall 
at  least  equivalent  proportionately,  on  a^-~ 
body  weight  basis,  to  the  maximum 
single  human  dose  recommended. 

(2)  Procedure;  test  results;  standards 
to  be  met.  Usa  only  overtly  healthy  ma¬ 
ture  rabbits.  House  the  rabbits  Individ¬ 
ually  in  an  area  of  uniform  temperature 
(±3*  C).  free  from  disturbances  likely 
to  excite  them.  Rabbits  for  pyrogen  testa 
may  not  be  used  within  2  weeks  following 
their  having  been  given  a  test  sample 
that  was  adjudged  pyrogenic,  and  in  no 
case  may  a  rabbit  be  used  more  fre¬ 
quently  than  every  48  hours.  Before  using 
a  rahbit  that  has  never  been  used  in  a 
pyrogen  test,  condition  it  by  a  sham  test 
that  includes  all  the  steps  prescribed  in 
paragraph  (b)  (2)  of  this  section,  except 
Injection  of  the  test  dosa.  Perform  the 
test  under  environmental  conditions  sim¬ 
ilar  to  those  under  which  the  rabbits  are 
housed.  During  the  test  withhold  all  food, 
except  water,  from  the  rabbits.  Deter¬ 
mine  the  control  temperature  of  each 
rabbit  not  more  than  40  minutes  before 
injecting  the  test  dose.  The  control  tem¬ 
perature  Is  determined  by  inserting  the 
temperature  measuring  device  into  the 
rectum  of  the  test  rabbit  to  a  depth  of 
not  less  than  7.5  centimeters  and  r  Bow¬ 
ing  sufficient  time  to  reach  a  maximum 


temperature  before  taking  the  reading. 
The  control  temperature  recorded  for 
each  rabbit  constitutes  the  terrpp-ature 
from  which  am  subsequent  rise  follow¬ 
ing  the  IniPr.rinn  of  rhe  martial  raU 
matea.  If  the  rectal  temperature  meas¬ 
uring  device  is  to  remain  inserted 
throughout  the  testing  period,  restrain 
the  rabbits  in  a  manner  that  will  allow 
them  to  assume  a  natural  resting  posi¬ 
tion.  In  any  one  test,  use  only  these 
rabbits  whose  control  temperatures  do 
not  deviate  more  than  1'  C  from  each 
other,  and  do  not  use  any  rabbits  with 
a  temperature  exceeding  39.8*  C.  Warm 
the  test  product  to  approximately  37°  C, 
and  inject  the  test  dose  into  an  ear  vein 
of  each  of  three  rabbits.  Injection  of  each 
test  dose  shall  be  completed  within  10 
minutes  after  the  start  of  administra¬ 
tion.  Record  '  the  temperature  of  each 
rabbit  at  1,  2,  and  3  hours  subsequent 
to  the  starting  time  of  each  injection. 
The  lot  meets  the  requirements  for  ab¬ 
sence  of  pyrogens  if  no  rabbit  shows  a 
rise  nf  0,6°  C  or  more 

.above  its  respective  controPEerrrperaUme . 
at  any  time  period,  and  if  the  sum  ox  the  A 
three  rabbits'  Individual  maximum  tern-/ 
perature  rises  does  not  exceed  1.4°_Ck- — < 
(3)  Ptljut.  .11  the-letrd3!Is~to  meet  the 


test  requirements  prescribed  in  para¬ 
graph  (b)  (2)  of  this  section,  the  test  may 
be  repeated  once  using  five  other  rab¬ 
bits.  The  temperature  rises  recorded  for 
all  eight  rabbits  used  in  testing  shall  be 
included  in  determining  whether  the  re¬ 
quirements  are  met.  The  lot  meets  the  re¬ 
quirements  for  absence  of  pyrogens  if  not 
more  than  three  of  the  eight  rabbits  show 
individual  rises  in  temperature  of  0.6*  C 
or  more,  and  if  the  sum  of  the  eight  indi¬ 
vidual  maximum  temperature  rises  does 
not  exceed  3.7*  C. 

(c)  Different  tests  equal  or  superior. 
A  different  test  for  residual  moisture  may 
bf!  performed  provided  that  prior  to  its 
performance  the  manufacturer  submits 
data  which  the  Commissioner  of  Food 
and  Drugs  finds  adequate  to  establish 
that  the  different  test  is  equal  or  superior 
to  the  test  described  in  paragraph  (a) 
of  this  section  and  makes  the  finding  a 
matter  of  ofiicial  record. 

138  FR  32058,  Nov.  20,  19TS,  as  emended  at 
40  FR  29710,  July  15,  1975:  41  FR  10429, 
Mar.  U,  1976;  41  FR  41424,  Sept.  22,  1976) 

§  610.14  Identity. 

The  contents  of  a  final  container  of 
each  filling  of  each  lot  shall  be  tested 
for  identity  after  all  labeling  operations 
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6haU  have  been  completed.  The  Identity . 
test  shall  be  specific  fn-  n-o^uot  in 
trma-,.ngr'~E5'at  Till  adequately  identify 
it  as  the  product  designated  an  iiuafr 
contdhrgr~ano  package  labels  and  clrctP* 
lars,  anc  distinguish  it  from  any  other 
proaucc  being  processed  in  tne  same 


TirBipp-tci^v.-lrientiLV  may  oe  es’fabllstrgtf' 
"either  through  the  physical  or  chemical 
characteristics  of  the  product,  Inspection 
by  macroscopic  or  microscopic  methods, 
specific  cultural  tests,  or  In  vitro  or  in 
vivo  Immunological  tests. 


§610.15  Constituent  materials. 

(a)  Ingredients,  preservative,  dilu¬ 
ents,  adjuvants.  All  Ingredients  used  in  a 
licensed  product,  and  any  diluent  pro¬ 
vided  as  an  aid  in  the  administration  of 
the  product,  shall  meet  generally  ac¬ 
cepted  standards  of  purity  and  quality. 
Any  preservative  used  shall  be  sufficiently 
nontoxic  so  that  the  amount  present  in 
the  recommended  dose  of  the  product 
trill  not  be  toxic  to  the  recipient,  and  in 
the  combination  used  shall  not  denature 
the  specific  substances  in  the  product 
below  the  minimum  acceptable  potency 
within  the  dating  period  when  stored  at 
the  recommended  temperature.  Products 
in  multiple  dose  containers  shall  contain 
a  preservative,  except  that  &  preservative 
need  not  be  added  to  Yellow  Fever  Vac¬ 
cine,  Poliovirus  Vaccine,  Live,  Oral,  or 
to  viral  vaccines  labeled  for  use  with  the 
jet  Injector,  or  to  dried  vaccines  when 
the  accompanying  diluent  contains  a 
preservative.  An  adjuvant  shall  not  be 
introduced  into  a  product  unless  there 
is  satisfactory  evidence  that  it  does  not 
affect  adversely  the  safety  or  potency 
of  the  product.  In  no  event  shall  the 
recommended  Individual  dose  of  a  bio¬ 
logical  product  contain  more  than  0,85 
milligram  of  aluminum,  determined  by 
assay,  or  more  than  1.14  milligrams  of 
aluminum,  determined  by  calculation  on 
the  basis  of  the  amount  of  aluminum 
compound  added, 

(b)  Extraneous  protein;  cell  culture 
produced  vaccines.  Extraneous  protein 
known  to  be  capable  of  producing  aller¬ 
genic  effects  in  human  subjects  shall 
not  be  added  to  a  final  virus  mecdum  of 
cell  culture  produced  vaccines  Intended 
for  injection.  If  serum  is  used  at  any 
stage,  its  calculated  concentration  In  the 
final  medium  shall  not  exceed  1:1,000,- 
000. 

(cl  Antibiotics.  A  minimum  concentra¬ 
tion  of  antibiotics,  other  than  penicillin. 


may  be  added  to  the  production  substrate 
of  viral  vaccines. 

§  610.16  Total  solids  in  serums. 

Except  as  otherwise  provided  by  regu¬ 
lation,  no  liquid  serum  or  antitoxin  shall 
contain  more  than  20  percent  total  solids. 

§610.17  Permissible  combinations. 

Licensed  products  may  not  be  com¬ 
bined  with  other  licensed  products 
either  therapeutic,  prophylactic  or  di¬ 
agnostic,  except  as  a  license  is  obtained 
for  the  combined  product.  Licensed 
products  may  not  be  combined  with  nen- 
licensable  therapeutic,  prophylactic,  or 
diagnostic  substances  except  as  a  license 
is  obtained  for  such  combinaticn. 

§  610.18  Cultures. 

(a)  Storage  and  maintenance,  ihul- 
tures  used  in  the  manufacture  of  prod¬ 
ucts  shall  be  stored  in  a  secure  and  order¬ 
ly  manner,  at  a  temperature  and  by  a 
method  that  will  retain  the  initial  char¬ 
acteristics  of  the  organisms  and  insure 
freedom  from  contamination  and 
deterioration. 

(b)  Identity  and  verification.  Each 
culture  shall  be  clearly  Identified  as  to 
source  strain.  A  complete  identification 
of  the  strain  shall  be  made  for  each  new 
stock  culture  preparation.  Primary  and 
subsequent  seed  lots  shall  be  identified 
by  lot  number  and  date  of  preparation. 
Periodic  tests  shall  be  performed  as  often 
as  necessary  to  verify  the  integrity  of  the 
strain  characteristics  and  freedom  from 
extraneous  organisms.  Results  of  all  pe¬ 
riodic  tests  for  verification  of  cultures 
and  determination  of  freedom  from  ex¬ 
traneous  organisms  shall  be  recorded 
and  retained. 

Subpart  C — Standard  Preparations  and 
Limits  of  Potency 

§610.20  Standard  preparations. 

Standard  preparations  made  available 
by  the  Bureau  of  Biologies  shall  be  ap¬ 
plied  in  testing,  as  follows: 

(a)  Potency  standards.  Potency  stand¬ 
ards  shall  be  applied  in  testing  lor 
potency  all  forms  of  the  following: 

Antibodies 

Botulism  Antitoxin,  Type  A. 

Botulism  Antitoxin,  Type  B. 

Botulism  Antitoxin,  Type  E. 

Diphtheria  Antitoxin. 

Hlstolytlcus  Antitoxin. 

Oedemstlens  Antitoxin. 

Perfrlngens  Antitoxin. 


Appendix  H 


Chapter  ! — Food  and  Drug  Administration  §  610,40 


Aatlpertussls  Serum. 

Antlrables  Serum. 

Sordelill  Antitoxic. 

Staphylococcus  Antitoxin. 

Tetanus  Antitoxin. 

Vlbrion  Septlque  Antitoxin. 

Antigens 

Cholera  Vaccine,  Inabi  serotype. 

Cholera  Vaccine.  Ogawa  serotype. 

Diphtheria  Toxin  lor  Schick  Test. 

Pertussis  Vaccine. 

Tuberculin,  Old. 

Tuberculin.  Purified  Protein  Derivative. 
Typhoid  Vaccine. 

Blood  Dertvattvt 

Thrombin. 

(b)  Opacity  standard.  The  U.S.  Opac¬ 
ity  Standard  shall  be  applied  in  estimat¬ 
ing  the  bacterial  concentration  of  all 
bacterial  vaccines.  The  assigned  value  of 
the  standard  when  observed  visually  is  10 
units.  The  assigned  value  of  the  standard 
when  observed  with  a  photometer  is  (!) 
10  units  when  the  wavelength  of  the  fil¬ 
ter  is  530  millimicrons,  (ii)  10.6  units 
when  the  wavelength  of  the  Alter  is  650 
millimicrons,  and  (iii>  9  units  when  the 
wavelength  of  the  filter  is  420  millimi¬ 
crons. 

(33  FR  32056.  Nor.  20.  1973.  as  amended  at 
41  FR  10429.  Mar.  11,  1976;  41  FT!  18295. 
May  3,  1976] 

§  610.21  Limits  of  potency. 

The  potency  of  the  following  products 
shall  be  not  less  than  that  set  forth  below 
and  products  dispensed  in  the  dried  state 
shall  represent  liquid  products  having 
the  stated  limitations. 

ArrmoDizs 

Diphtheria  Antitoxin,  500  units  per  milliliter. 
Tetanus  Antitoxin,  400  units  per  milliliter. 
Tetanus  Immune  Globulin  (Human),  50 
immunizing  dose. 

.Antigens 

Cholera  Vaccine,  8  units  each  of  Inaba  and 
Ogawa  serotype  antigens  per  milliliter. 
Pertussis  Vaccine,  12  units  per  total  human 
units  of  tetanus  antitoxin  per  milliliter. 
Typhoid  Vaccine,  8  units  per  milliliter. 

!41  FP.  10429,  Mar.  11,  1976,  as  amended  at 
41  FR  18295,  May  3,(1976] 

Subpart  D — Mycoplasma 

§610.30  Test  for  Mycoplasma. 

Except  as  provided  Otherwise  in  this 
subchapter,  prior  to  clarification  or  fil¬ 
tration  in  the  case  of  live  virus  vaccines 
produced  from  in  vitro  living  cell  cul- 
hires,  and  prior  to  inactivation  in  the 


case  of  inactivated  virus  vaccines  pro¬ 
duced  from  such  living  cell  cultures,  each 
virus  harvest  pool  and  control  fluid  poci 
shall  be  tested  for  the  presence  of 
Mycoplasma,  as  follows: 

Sample*  of  the  virus  for  this  test  shall  b« 
stored  either  (1)  between  2*  and  8*  C.  for 
no  longer  than  24  hours,  or  (3)  at  -20"  C.  or 
lower  If  stored  for  longer  than  24  hours.  The 
test  *ha!.i  be  performed  on  samples  of  "the 
viral  harvest  pool  and  on  control  fluid  poo; 
obtained  at  the  time  of  viral  harvest,  as  fol¬ 
lows:  No  less  than  2.0  ml.  of  each  sample 
shall  be  Inoculated  In  evenly  distributed 
amounts  over  the  surface  of  no  less  than  10 
plates  of  at  loast  two  agar  media.  No  less 
than  1.0  ml.  of  sample  <h*ii  be  Inoculated 
into  each  of  four  tubes  containing  10  mi.  of 
a  semisoiid  broth  medium.  The  media  shall 
be  such  as  have  been  shown  to  be  capable 
of  detecting  known  Mycoplasma  and  each 
test  shall  Include  control  cultures  of  at  least 
two  known  strains  of  Mycoplasma,  one  of 
which  must  be  M.  pneumoniae.  One  half  of 
the  plates  and  two  tubes  at  broth  shall  be 
incubated  aerobically  at  36*  C.  ±1*  C. 
the  remaining  plates  and  tubes  shall  be  in¬ 
cubated  anaerobically  at  36"  C.  ;1*  C.  in 
an  ear.ronment  of  5-10  percent  CO,  In  N„ 
Aerobic  incubation  shall  be  for  a  period  of 
no  less  than  14  days  and  the  broth  In  the  two 
tubes  shall  be  tested  after  3  days  and  14 
days,  at  which  times  0.5  mi.  of  b.oth  from 
each  of  the  two  tubes  shall  be  combined  and 
sublnoculated  on  to  no  less  than  4  additional 
plates  and  Incubated  aerobically.  Anaerobic 
incubation  shall  be  for  no  less  than  14  days 
and  the  broth  In  the  two  tubes  shall  be  tested 
after  3  days  and  14  days,  at  which  times  0.5 
ml.  of  broth  from  each  of  the  two  tubes 
shall  be  combined  and  sublnoculated  on  to 
no  less  than  four  additional  plates  and 
incubated  anaerobically.  All  inoculated  plates 
shall  be  Incubated  for  no  less  than  14  days, 
at  which  time  observation  for  growth  of 
.Mycoplasma  shall  be  made  at  a  magnifica¬ 
tion  of  no  less  than  300  x.  If  the  Dienes 
Methylene  Blue-Azure  dye  or  an  equivalent 
staining  procedure  Is  used,  no  less  than  s  one 
square  cm.  plug  of  the  agar  shall  be  excised 
from  the  Inoculated  area  and  examined  for 
the  presence  of  Mycoplasma.  The  presence  of 
the  Mycoplasma  shall  be  determined  by 
comparison  of  the  growth  obtained  from  the 
test  samples  with  that  of  the  control  cul¬ 
tures,  with  respect  to  typical  colonial  and 
microscopic  morphology.  The  virus  pool  is 
satisfactory  for  vaccine  manufacture  If  none 
of  the  tests  on  the  samples  show  evidence  of 
the  presence  of  Mycoplasma. 

Subpart  E — Hepatitis  Requirements 

§  610.40  Test  for  hepatitis  B  surface 
antigen. 

(a)  Test  sensitivity.  Each  donation  of 
blood,  plasma,  or  serum  to  be  used  in 
preparing  a  biological  product  shall  be 
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tested  for  the  presence  of  hepatitis  3 
surface  antigen  by  a  method  of  sufficient 
sensitivity  to  detect  ail  sera  labeled  A, 
(A) ,  B,  (B),  and  C  in  the  Reference 
Hepatitis  3  Surface  Antigen  Panel  dis¬ 
tributed  by  the  Bureau  of  Biologies;  ex¬ 
cept  that,  in  emergency  situations,  a 
test  method  of  sufficient  sensitivity  to  de¬ 
tect  ail  sera  labeled  A.  (A),  and  3  in  the 
Reference  Hepatitis  B  Surface  Antigen 
Panel  may  be  used  and,  in  dire  emer¬ 
gency  situations,  blood  and  blood  prod¬ 
ucts  may  be  issued  without  any  HBtAg 
testing,  provided  that  a  test  otherwise 
required  by  this  paragraph  is  performed 
as  soon  as  possible  after  issuance  of  the 
blood  and  blood  product. 

(b)  Procedures.  Only  Antibody  to  Hep¬ 
atitis  B  Surface  Antigen  licensed  under 
this  subchapter  shall  be  used  in  perform¬ 
ing  the  test  and  the  test  method  (s)  used 
shall  be  that  for  which  the  antibody 
product  is  specifically  designed  to  be  ef¬ 
fective  as  recommended  by  the  manu¬ 
facturer  in  the  package  insert.  The 
sample  of  blood,  plasma,  or  serum  to  be 
tested  shall  have  beer,  taken  from  the 
donor  at  the  time  of  donation  of  that 
unit.  The  test  need  not  be  performed  on 
the  day  of  the  withdrawal  of  the  sample. 
If  the  radioimmunoassay  method  Is 
used,  it  must  be  performed  in  one  of 
the  following  ways: 

(1)  The  complete  test  Is  performed  at 
the  collection  facility. 

(2)  The  test  is  performed  at  the  col¬ 
lection  facility  up  to  the  point  of  count¬ 
ing  the  radioactivity  of  the  samples, 
which  counting,  thereafter,  is  performed 
at  another  facility  by  personnel  from  the 
collection  facility  or  by  personnel  from 
the  counting  facility. 

(3)  The  complete  test  Is  performed  by 
the  personnel  at  an  establishment  li¬ 
censed  to  manufacture  blood  or  blood 
derivatives  under  section  351(a)  of  the 
Public  Health  Service  Act  (42  T7.S.C. 
262(a) ) ,  or  by  a  clinical  laboratory  which 
meets  the  standards  of  the  Clinical 
Laboratories  Improvement  Act  of  1967 
(CUA)  (42  U.S.C.  263a).  provided  the 
establishment  or  the  clinical  laboratory 
Is  qualified  to  perform  radioimmuno¬ 
assay  testing  for  the  presence  of  hepatitis 
B  surface  antigen.  Except  for  emergen¬ 
cies,  blood,  plasma  or  serum  shall  not  be 
used  as  a  biological  product,  or  Issued 
for  use  in  manufacturing  a  biological 
product,  until  the  hepatitis  B  surface 
antigen  testing  is  completed  and  the 


written  results  are  in  the  possession  of 
the  collection  facility. 

(c)  Materials  in  storage.  All  blood, 
plasma,  or  serum  in  storage  which  has 
not  been  tested  for  the  presence  of  the 
hepatitis  B  surface  antigen  shall  be 
tested  as  required  in  paragraphs  (a)  and 
(b'  of  this  section  before  use  as  a  bio¬ 
logical  product,  or  before  use  in  the 
manufacture  of  a  biological  product.  All 
blood,  plasma,  or  serum  in  storage  which 
has  been  tested  for  the  presence  of  the 
hepatitis  B  surface  antigen  by  a  method 
of  second  generation  sensitivity  may  be 
used  as  a  biological  product  or  in  manu¬ 
facture  of  a  biological  product,  provided 
it  is  used  on  or  before  March  15,  1976. 

id)  Restrictions  on  use.  (1)  Injectable 
biological  products.  Blood,  plasma,  or 
serum  that  is  reactive  when  tested  for 
hepatitis  B  surface  antigen  shall  not  be 
used  in  manufacturing  injectable  biolog¬ 
ical  products. 

(2)  Licensed  in  vitro  diagnostic  bio¬ 
logical  products.  31ood,  plasma  or  serum 
that  is  reactive  when  tested  for  hepa¬ 
titis  B  surface  antigen  maxJie  used  in 
manufat  turing  licenseQgrTvitnHliagnos- 
tic  biological  product s^TTroviZed,  That 
(i)  the  final  product  cannot  be  prepared 
from  blood,  plasma,  or  serum  that  is  non¬ 
reactive  when  tested  for  hepatitis  B  sur¬ 
face  antigen,  due  either  to  the  nature  oi 
to  the  scarcity  of  the  final  product;  (li) 
the  label  of  the  source  blood,  plasma,,  or 
serum  conspicuously  states  that  it  is  re¬ 
active  when  tested  for  hepatitis  B  sur¬ 
face  antigen  and  may  transmit  viral 
hepatitis;  (ill)  the  package  label  of  the 
licensed  in  vitro  diagnostic  biological 
product  prepared  from  such  blood,  plas¬ 
ma,  or  serum  conspicuously  states  that 
the  product  was  prepared  from  material 
that  was  reactive  when  tested  for  the 
hepatitis  B  surface  antigen  and  may 
transmit  viral  hepatitis;  (iv)  at  the  time 
of  shipment,  the  Director,  Bureau  of  Bio¬ 
logies,  Food  and  Drug  Administration,  is 
notified  in  writing  of  each  shipment  of 
source  blood,  plasma,  or  serum,  signify¬ 
ing  the  kind  and  amount  of  source  mate¬ 
rial  shipped,  the  name  and  address  of 
the  consignee,  the  date  of  shipment,  and 
the  manner  in  which  the  source  material 
was  labeled.  In  the  case  of  repetitive 
shipments  of  source  material  for  use  in 
manufacturing  positive  controls  for  hep¬ 
atitis  B  surface  antigen  testing,  the  in¬ 
formation  prescribed  in  this  paragraph 

(d)  (2)  (iv)  shall  be  sent  to  the  Director, 
Bureau  of  Biologies,  on  October  1  and 
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April  1  of  each  year  beginning  October 
1, 1975. 

(3)  Unlicensed  in  vitro. diagnostic  bio¬ 
logical  products.  Blood,  plasma,  or  serum 
that  is  reactive  when  tested  for  hepatitis 
B  surface  antigen  may  be  used  in  manu¬ 
facturing  unlicensed  in  vitro  diagnostic 
biological  products  including  clinical 
chemistry  control  reagents,  Provided: 
That  (i)  the  final  product  cannot  be  pre¬ 
pared  from  blood,  plasma,  or  serum  that 
is  nonreactive  when  tested  for  hepatitis 
B  surface  antigen,  due  either  to  the  na¬ 
ture  or  to  the  scarcity  of  the  final  prod¬ 
uct;  (U)  the  label  of  the  source  blood, 
plasma,  or  serum  conspicuously  states 
that  it  is  reactive  when  tested  for  hepa¬ 
titis  B  surface  antigen  and  may  transmit 
viral  hepatitis;  (iii)  the  manufacturer 
of  the  source  blood,  plasma,  or  serum 
obtains  written  assurance  from  the  man¬ 
ufacturer  (s)  of  the  final  unlicensed  prod¬ 
uct  that  package  labels  of  all  unlicensed 
products  will  conspicuously  state  that  the 
product  was  prepared  from  blood,  plasma 
or  serum  that  was  reactive  when  tested 
for  the  hepatitis  3  surface  antigen  and 
may  transmit  viral  hepatitis,  as  required 
by  1  809.10(a)  (4)  of  this  chapter;  (iv)  at 
the  time  of  shipment,  the  Director.  Eu- 
reau  of  Biologies,  Food  and  Drug  Admin¬ 
istration,  is  notified  in  writing  of  each 
shipment  of  source  blood,  plasma,  or 
serum,  signifying  the  kind  and  amount 
of  source  material  shipped,  the  name  and 
address  of  the  consignee,  the  date  of 
shipment,  and  the  manner  in  which  such 
source  material  was  labeled. 

(e)  Manufacturing  responsibility. 
When  the  radioimmunoassay  method 
for  hepatitis  B  surface  antigen  testing  is 
performed  by  personnel  other  than  those 
of  the  facility  collecting  the  blood, 
Plasma,  or  serum,  as  provided  in  para¬ 
graph  (b)  of  this  section,  it  shall  not  be 
considered  as  divided  manufacturing  as 
described  in  §  610.63,  provided  the  fol¬ 
lowing  conditions  are  met: 

(1)  The  collecting  facility  has  ob¬ 
tained  a  written  agreement  that  the  test¬ 
ing  laboratory  will  permit  authorized 
representatives  of  the  Food  and  Drug 
Administration  to  inspect  its  testing  pro¬ 
cedures  and  facilities  during  reasonable 
business  hours. 

(2)  The  testing  laboratory  will  partici¬ 
pate  in  any  proficiency  testing  programs 
undertaken  by  the  Bureau  of  Biologies, 
Pood  and  Drug  Administration. 

HO  FR  29710,  Julv  15,  1975,  M  amended  at 
41  FR  6912,  Feb.  13-.  1976] 


§  610.41  History  of  hepatitis  B  surface 
antigen. 

A  person  testing  positive,  or  known  to 
have  previously  tested  positive,  for  hepa¬ 
titis  B  surface  antigen  may  not  serve  as 
a  donor  of  human  biood,  plasma,  or 
serum  to  be  used  in  preparing  any  in¬ 
jectable  biological  product,  except  that 
a  person  known  to  have  previously  tested 
positive  for  hepatitis  B  surface  antigen  - 
may  serve  as  a  source  of-  antibody  to 
hepatitis  B  surface  antigen  when  such 
antibody  is  required  for  the  manufacture 
of  a  licensed  biological  product,  pro¬ 
vided  that  the  blood  of  such  person  meets 
the  requirements  of  §  610. 4C. 

(40  FR  29710,  July  15,  1975] 

Subpart  F — Dating  Period  Limitations 
§610.50  Date  of  manufacture.. 

The  date  of  manufacture  shall  be 
determined  as  follows: 

(a)  For  products  for  which  an  official 
standard  of  potency  is  prescribed  in 
either  §  610.20  or  i  610.21,  or  which  are 
subject  to  official  potency  tests,  the  date 
of  initiation  by  the  manufacturer  of  the 
last  valid  potency  test. 

(b)  For  products  which  are  not  sub¬ 
ject  to  official  potency  tests,  C 1  >  the  date 
of  removal  from  animals,  (2)  the  date 
of  extraction,  (3)  the  date  of  solution, 
or  (4)  the  date  of  cessation  of  growth, 
whichever  is  applicable. 

§610.51  Periods  of  cold  storage. 

Except  as  otherwise  provided  in  the 
regulations  of  this  subchapter,  products 
may  be  held  in  cold  storage  by  the  manu¬ 
facturer  as  follows: 

At  a  temperature  cot  above  5*C. — 1  year. 

At  a  temperature  act  above  0*C. — 2  yesrs. 

§  610.52  Dating  period. 

The  dating  period  for  a  combination  of 
two  or  more  products  shall  be  no  longer 
than  the  dating  period  of  the  component 
product  with  the  shortest  dating  period. 
The  dating  period  for  a  product  shall  be¬ 
gin  on  the  date  of  manufacture,  except 
'mat  the  dating  period  may  begin  on  the 
date  of  issue  from  the  manufacturer’s 
cold  storage,  provided  the  product  was 
maintained  as  prescribed  in  5  610.51.  If 
held  In  the  manufacturer’s  cold  storage 
beyond  the  period  prescribed,  the  dating 
period  shall  be  reduced  by  a  correspond¬ 
ing  period. 
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Tet&nu*  Antitoxin 


Teunin  Toxoid.. _ _ _ ... 

Tetanus  Toxoid  Adsorbed..... 

Thrombin  _ _ _ _ 

rachtnell*  Rxrc-act _ _ 

Tuberculin _ 


Typhoid  Vaccine _ _ _ _ 

Typbuj  Vaccine _ ... _ ..... _ _ 

Vaccinia  lanuDs  Globulin'  (Human) _ 

Whole  Blood  (Human)  collected  In _ 


ft  .  '  Fever  Vaccine 


Li  quid:  Five  fears  with  an  Initial  20  percent 
excess  of  potency. 

Dried:  Fi7e  years  with  an  Initial  10  percent  ex¬ 
cess  or  potency. 

Two  years  (8*  C..  one  year) , 

Two  years  (S’  C..  one  year) . 

Three  7ears. 

Eighteen  months  (S’  C.,  one  year) . 

Old,  concentrated:  Containing  50  percent  glyc¬ 
erin,  five  years. 

Old  diluted:  One  year. 

Purified  Protein  Derivative,  concentrated:  Two 
year*  ooctalning  50  percent  glycerin  (5*  C., 
one  year) . 

Purified  Protein  Derivative,  diluted:  One  year, 
i  810.51  d:cs  not  apply. 

Purified  Protein  Derivative,  dried:  Five  years. 

Old,  dried  on  multiple  puncture  device:  Two 
years,  provided  labeling  recommends  storage 
at  no  warmer  than  30’  C.  (30*  C.,  one  year). 

Eighteen  months  (5*  C..  one  year) . 

Eighteen  months  (5*  C„  one  year) . 

Three  years  (3*  C..  three  years)Sv 

(a)  ACD  solution — Twenty-one  days,  provided 
labeling  recommends  storage  between  l"  and 
10*  C.  {  810.51  does  not  apply. 

(b)  Heparin  solution — Forty-eight  hours,  pro¬ 
vided  labeling  recommends  storage  between 
1*  and  10*  C.  J  610.51  does  not  apply. 

(c)  CPD  solution — Twenty-one  days,  provided 
labeling  recommends  storage  between  l*  and 
10*  C.  i  810.51  does  not  apply. 

One  year,  provldedl  labeling  recommends  storage 
at  no  warmer  than  5*  C.  ( —20*  C.,  one  year) . 


,  rrt  35 ''*«  ov.  20,  1973,  as  amended  at  39  FP.  9660,  Mar.  13.  1974;  39  FR  20371,  June  10, 
iaT4;  39  rR  27796,  Aug.  1,  1974;  40  FR  4304,  Jan.  29,  1975;  40  FR  29711,  July  IS.  1975. 
FR  10738,  Mar.  12.  1976;  41  FR  40101.  Sept.  17,  1976;  42  FR  14095.  Mar.  15,  1977] 


Subpart  G — Labeling  Standards 

§  610.60  Container  IabeL 

(a)  Full  label.  The  following  Items 
shall  appear  on  the  label  affixed  to  each 
container  of  a  product  capable  of  bear¬ 
ing  a  full  label: 

(1)  The  proper  name  of  the  product; 

(2)  The  name,  add^-s,  and  license 
cumber  of  rr.7  'factu, 

(3)  T  i,r„  _umt'-  .  ,-ier  lot  identi¬ 
fication; 

The  expiration  date; 

<5)  The  recommended  individual  dose, 
-or  multiple  dose  containers. 

<b)  Package  label  information.  If  the 
container  Is  not  enclose  a  package, 

the  Items  required  for  ;kage  label 

*0*31  appear  on  the  cor  cr  label. 

lc)  Partial  label.  It  uie  container  is 
“Jpable  of  bearing  only  a  partial  label, 
jAe  container  shall  show  as  a  minimum 
«e  name  (expressed  either  as  the  proper 
or  common  name),  the  lot  number  or 
other  lot  Identification  nnd  the  name  of 


the  manufacturer;  in  addition,  for  multi¬ 
ple  dose  containers,  the  recommended 
individual  dose.  Containers  bearing  par¬ 
tial  labels  shall  be  placed  in  a  package 
which  bears  all  the  items  required  for  a 
package  label. 

(d)  No  container  label.  If  the  con¬ 
tainer  is  incapable  of  bearing  any  label, 
the  Items  required  for  a  container  label 
may  be  omitted,  provided  the  container 
is  placed  in  a  package  which  bears  all 
the  items  required  for  a  package  label. 

(e)  Visual  inspection.  When  the  label 
has  been  affixed  to  the  container  a  suffi¬ 
cient  area  or  the  container  shall  remain 
uncovered  for  its  full  length  or  circum¬ 
ference  to  permit  inspection  of  the 
contents. 

§610.61  Package  IabeL 

The  following  items  shall  appear  on 
the  label  affixed  to  each  package  con¬ 
taining  a  product: 

(a)  The  proper  name  of  the  product: 
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(b)  The  name,  address,  and  license 
number  of  manufacturer; 

(c)  The  lot  number  or  other  lot 
Identification; 

(d)  The  expiration  date; 

(e)  The  preservative  used  and  Its  con¬ 
centration,  or  if  no  preservative  is  used 
and  the  absence  of  a  preservative  is  a 
safety  factor,  th<*  words  "no  preserva¬ 
tive"; 

(f)  The  number  of  containers,  If  more 
than  one; 

(g)  The  amount  of  product  in  the  con¬ 
tainer  expressed  as  (1)  the  number  of 
doses,  (2)  volume,  (3)  units  of  potency, 
(4)  weight,  (5)  equivalent  volume  (for 
dried  product  to  be  reconstituted) ,  or 
(6)  such  combination  of  the  foregoing 
as  needed  for  an  accurate  description  of 
the  contents,  whichever  is  applicable; 

(h)  The  recommended  storage  tem¬ 
perature; 

(i)  The  words  "Shake  Well",  "Do  not 
Freeze”  or  the  equivalent,  as  well  as 
other  instructions,  when  Indicated  by  the 
character  of  the  product; 

(j)  The  recommended  individual  dose 
if  the  enclosed  containerCs)  is  a  multiple- 
dose  container; 

(k)  The  route  of  administration 
recommended,  or  reference  to  such  direc¬ 
tions  In  an  enclosed  circular; 

(l)  Known  sensitizing  substances,  or 
reference  to  an  enclosed  circular  contain¬ 
ing  appropriate  Information; 

(m)  The  type  and  calculated  amount 
of  antibiotics  added  during  manufac¬ 
ture; 

(r)  The  Inactive  Ingredients  when  a 
safety  factor,  or  reference  to  an  enclosed 
circular  containing  appropriate  in¬ 
formation; 

(o)  The  adjuvant,  If  present; 

<p)  The  source  of  the  product  when  a 
factor  In  safe  administration; 

(q)  The  identity  of  each  micro¬ 
organism  used  in  manufacture,  and, 
where  applicable,  the  production  medium 
and  the  method  of  inactivation,  or  refer¬ 
ence  to  an  enclosed  circular  containing 
appropriate  information; 

(r)  Minimum  potency  of  product  ex¬ 
pressed  in  terms  of  official  standard  of 
potency  or,  if  potency  is  a  factor  and  no 
U.S.  standard  of  potency  has  been  pre¬ 
scribed,  the  words  "No  U.S.  standard  of 
potency.” 

(s)  For  Injectable  products  prepared 
from  human  blood,  plasma  or  serum,  a 
statement  that  the  product  was  prepared 
from  blood  that  was  nonreactive  when 
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tested  for  hepatitis  B  surlace  antigen,  in 
lieu  of  inclusion  on  the  package  label, 
such  Information  may  be  included  in  a 
circular  enclosed  with  the  package. 

(38  FR  32056,  Not.  20,  1973,  as  amended  it 
40  FR  29711,  July  15,  1975] 

§  610.62  Proper  name;  package  label: 
legible  type. 

(a)  Position,  The  proper  name  of  the 
product  on  the  package  label  shall  bo 
placed  above  any  trademark  or  trade 
name  identifying  the  product  and 
symmetrically  arranged  with  respect  to 
other  printing  on  the  label. 

(b)  Prominence.  The  point  size  and 
typeface  of  the  proper  name  shall  be  at 
least  as  prominent  as  the  point  size  and 
typeface  used  In  designating  the  trade¬ 
mark  and  trade  name.  The  contrast  in 
color  value  between  the  proper  name 
and  the  background  shall  be  at  least  as 
great  as  the  color  value  between  the 
trademark  and  trade  name  and  the 
background.  Typography,  layout,  con¬ 
trast,  and  other  printing  features  shall 
not  be  used  In  a  manner  that  will  afiect 
adversely  the  prominence  of  the  proper 
name. 

(c)  Legible  type.  All  Items  required 
to  be  on  the  container  label  and  package 
label  shall  be  In  legible  type.  “Legible 
type”  Is  type  of  a  size  and  character 
which  can  be  rerd  with  ease  when  held 
tn  a  good  light  and  with  normal  vision. 

§  610.63  Divided  manufacturing  re¬ 
sponsibility  to  be  shown. 

If  two  or  more  establishments  partic¬ 
ipate  in  the  manufacture  of  a  product, 
the  name,  address,  and  license  number 
of  each  must  appear  on  the  package 
label,  and  on  the  label  of  the  container  If 
capable  of  bearing  a  full  label. 

§  610.64  Name  of  selling  agent  or  dis¬ 
tributor. 

The  name  and  address  of  the  selling 
agent  or  distributor  of  a  product  may 
appear  on  the  label  under  the  designa¬ 
tion  of  “selling  agent”  or  “distributor' 
provided  that  the  name  and  address  of 
the  manufacturer  Is  given  precedence  la 
prominence. 

§610.65  Products  for  export. 

Labels  on  packages  or  containers  of 
products  for  export  may  be  adapted  to 
meet  specific  requirements  of  the  regu¬ 
lations  of  the  country  to  which  the  prod¬ 
uct  la  to  be  exported  provided  that  In 
all  such  cases  the  minimum  label  re- 
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qulrements  prescribed  in  §  610.60  are 
observed. 

fV.RT  620 — ADDITIONAL  STANDARDS 
FOR  BACTERIAL  PRODUCTS 

Subpart  A — P«rtu**l»  Vaeclnt 

C^C 

£20.1  Pertussis  Vaccine. 

62012  Production. 

620.S  U.S.  Standard  preparations, 

620.4  Potenc /  test. 

£20.5  Mouse  toxlcltr  test. 

620. 5  General  requirements. 

620.7  Equivalent  methods. 

Subpsrt  B — Typhoid  Vaccine 

620.10  Typhoid  Vaccine. 

620.11  Production. 

6710.12  U.S.  Standard  preparations, 

620.13  Potency  test. 

620.14  General  requirements. 

620.15  Equivalent  methods. 

Subpsrt  C — Anthrax  Vaccina,  Adsorbed 
620220  Anthrax  Vaccine,  Adsorbed. 

620.21  Production. 

620.22  U.S.  Beterenoa  preparation. 

620.23  Potency  test. 

620.24  General  requirements. 

620.25  Equivalent  methods. 

Subpart  D — Cholera  Vaccina 

£20.30  Cholera  Vaccine. 

620.31  Production. 

620.32  U.S.  Standard  preparations. 

620.33  Potency  tests. 

620.34  Mouse  toxicity  test. 

620.35  General  requirements. 

620.36  Equivalent  methods. 

Authostty:  Sec.  216.  68  Stat.  690,  as 
amended;  42  U.S.C.  216.  Sec.  351,  58  Stat.  702. 
as  amended;  42  U.S.C.  362,  unless  otherwise 
noted. 

So  user:  38  FR  32064,  N<ff.  20,  1873,  unleea 
otherwise  noted. 

Caoss  Retebtnces. — For  U.S.  Customs  Serv¬ 
ice  regulations  relating  to  viruses,  serums, 
and  toxins,  see  19  CFR  12.31-12.23.  For  U.S. 
Postal  Service  regulations  relating  to  the  ad¬ 
missibility  to  the  United  States  malls  see  39 
CFR  Parts  134  and  135,  eap.  5  126  J. 

Subpart  A — Partussls  Vaccine 

§  620.1  Pertussis  Vaccine. 

The  proper  name  of  this  product  shall 
be  "Pertussis  Vaccine",  which  shall  be 
an  aqueous  preparation  of  either  killed 
whole  Bordetella  pertussis  bacteria  or  a 
fraction  of  BordeteUa  pertussis  bacteria. 
The  vaccine  may  be  precipitated  or 
adsorbed  and  may  be  combined  with 
other  antigens. 

§  620.2  Production. 

(a)  Propagation  of  bacteria.  Human 
blood  shall  not  be  used  in  culture  medium 


for  propagating  bacteria  either  for  seed 
or  for  vaccine.  The  culture  medium  for 
propagating  bacteria  for  vaccine  shall 
not  contain  ingredients  known  to  be 
capable  of  producing  allergenic  e2ects  in 
human  subjects,  except  blood  or  blood 
products  from  lower  animals  other  than 
the  horse.  When  blood  or  a  blood  product 
is  used,  it  shall  be  removed  by  washing 
the  harvested  bacteria.  The  bacterial 
concentrate  shall  be  free  of  extraneous 
bacteria,  fungi,  and  yeasts,  as  demon¬ 
strated  bv  microscopic  examination  and 
cultural  methods. 

(b)  Bacterial  content.  (1)  The  opacity 
of  the  bacterial  concentrate  shall  be 
determined  in  terms  of  the  05.  Opacity 
Standard  not  later  than  2  weeks  after 
the  harvest  of  the  bacteria  and  before 
any  treatment  capable  of  altering  the 
opacity  of  the  bacterial  concentrate. 

(2)  The  total  Immunizing  dose  of  a 
vaccine  prepared  with  whole  bacteria 
shall  contain  (1)  in  the  case  of  nonad- 
sorbed  vaccine  no  more  bacteria  than  the 
equivalent  of  60  opacity  units  and  (11)  in 
the  case  of  adsorbed  vaccine  no  more 
than  the  equivalent  of  48  opacity  units. 

(c)  Detoxification.  After  removing  a 
sample  for  purity  testing,  the  bacteria 
shall  be  killed  and  detoxified  either  O) 
by  heating,  (2)  by  addition  of  a  chemical 
agent  and  appropriate  aging,  or  (3)  by 
any  combination  of  the  stated  proce¬ 
dures.  The  procedure  used  shall  be  one 
that  has  been  shown  to  have  no  adverse 
effect  on  requi-ed  safety,  purity,  and 
potency. 

(d)  Preservative.  The  vaccine  shall 
contain  a  preservative. 

§  620,3  U.S.  Standard  preparations. 

(a)  The  US.  Standard  Pertussis  Vac¬ 
cine  shall  be  used  for  determining  the 
potency  of  Pertussis  Vaccine. 

(b)  The  UH.  Opacity  Standard  shall 
be  used  in  estimating  the  bacterial  con¬ 
tent  of  the  vaccine  and  of  the  challenge 
culture. 

§  620.4  Potency  test. 

The  number  of  protective  units  of  the 
total  human  Immunizing  dose  shall  be 
estimated  for  each  lot  of  vaccine  from 
the  results  of  simultaneous  intracerebral 
mouse  protection  tests  of  the  vaccine 
under  test  and  the  U.S,  Standard  Per¬ 
tussis  Vaccine.  The  potency  test  shall  be 
performed  as  follows; 

(a)  Mice.  Healthy  mice  shall  be  used, 
all  from  a  single  strain  and  of  the  same 
5 ex,  or  an  equal  number  of  each  sex  in 
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